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PREFACE 
The work on organa-lead compounds is di vid.ed 
into Parts IA and IB; Part IB, entitled "The Low 
Temperature Reactions of same Organo-Metallic Reagents 
w1 th Lead Halides", being in the nature of an appendix 
to Part IA, entitled "The Reaction of Silver Nitrate 
with some organo-Lead compounds". This is followed 
by Part II, entitled "The Chemical. Reactions of .Alkali 
Metal ~omatic Compounds". 
The presentation does not represent the chronolo-
gical ord.er, since Part IB was the last research 
undertaken. 
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PAR~ lA 
THE REA.CTIE>N OF SILVER Nl.TRATE WITH SOME 
ORGANQ-LEAD COMPOUNDS 
SUMMARY 
The reaction of silver nitrate in ethanol solution with 
a number of unsymmetrical organa-lead compounds, Et3PbR, 
is described. The lead compounds prepared, were chosen 
with the object of investigating the factors which 
influence the stability of the primary product ·of the 
reaction, the unstable organa-silver compound AgR, and 
the reason for the cleavage of the R-Pb bond rather than 
the Et-Pb bond. 
(i) 
(ii) 
(iii) 
(iv) 
(v) 
The compounds described are:-
2:! Methylprop-2~enyl tri ethyllead Et 3PbcH2c ( mr3 ) :· CH2 
Benzyltriethyl2ead Et3PbOH2Ph 
Triethyl-~trifluoromethylphenyllead 
Et3PbC5H4CF~ 
4~Dirnethylaminophenyltriethyllead Et3PbC6H4NMeg2 
2-Styryl triethyllead Et3PbCH::€RC6E5 
Compounds (i), (iii), and (v) have not been previously 
described, and are all unstable liquids. compound (iv) 
has been previously described, but withou,t practical 
details, and compound (ii) has been previously prepared 
in poor yield. Both these compounds have been obtained 
here in good yield. 
For each of the above compounds reaction w1 th an 
equivalent ar excess of silver nitrate results in the 
exclusive cleavage of the unsymmetrical R group. In 
no ~ase are c2 or c4 hydrocarbons for.med. 
Compound. ( i), which should give the resonance 
stabilised isobut-2-enyl radicals on decomposition with 
Ag+ ions, shows no indication of the fo~ation of an 
intermediate organo-silver compound. The same is true 
for compound (ii) .!!!: there is no intermediate fo;r:'Dlation 
of benzyl-silver. 
Compounds (iii), (iv), and (v) all show the formation 
of an intermediate red or red-brown colouration, indica-
ti ve of the forma t1on Gf an organo-silver compound, w1 th 
silver nitrate. The deep red precipitate, thought to 
be styryl silver, obtained from compound (v), is stable 
for several hours in solution at roam temperature. 
In general i.t appears that the greater the stability 
of the radical. R, th·e l:"ower is the stab"ili ty of the 
organo-silver compound. In the extreme cases of methallyl 
and benzyl, no silver compounds are for.med under the 
condi tiona of these experiments. . The abnormally high 
thermal stability of styryl-silver is probably connected with 
the low stability of the styryl radical, and the presence of a 
doubl_e bond adjacent to the silver atan. This is compatible 
with the co~parat1vely high stability of isobu,t-1-enyl-silver. 
1. 
INTRODUCTION 
The elements germanium, tin, and lead of Group IV B all 
form stable organo-metal compounds. Tin and lead in 
particular form large numbers of these compoumds, and the 
number known has been steadily growing since the first 
compounds were prepared in the middle of the last century. 
The tetraalkyle and aryle of germanium, tin, and 
lead are much more stable than are the fully substituted 
organic compounds of the Group III B and Group V B metala. 
Tetraethyllead, tetraphenyltin, and tetramethylgermane, 
for example, are all stable towards air and water. Tri-
propylboron, however,reacts instantly with oxygen. Tri-
methylaluminium reacts e~lesively with water and takes 
fire in air, as do the lower tr1alkylgall1'W!'l compounds. 
In Group V bath trimethylstibine and trimethylbismuth react 
readily w1 th oxygen, a1 though the aryl compounds are much 
more stable. 
The lower reactivity of the Group IV B elements may 
be attributed to the fact that the elements have no tendency 
to expand their covalency above four, except when bonded 
to electronegative groups. 
Within Group IV B itself, there is a decrease in 
stability of the organic compounds in the series germanium, 
2. 
tin, and lead, which is most marked in going fram tin to 
lead. This is especially true for compounds containing 
metal-metal bonds. Hexaphenyldi tin is quite st.able amd 
easily ebtained, whereas lead~lead bonds are readily 
broken, and hexaphenyldilead decomposes at 155°c without 
melting. Compounds containing metal-metal bonds are 
not common, and only a few examples outside 0f Graup IV 
B are known, e.g. hexamethyldiplatinum·.., the cacodyls and~·· 
a few corresponding antimony compounds, and compounds 
having a boron-boron bond. 
1.. cavalent Cemparmd.s ot Lead 
Lead with at~ic number aa has four electrons in the 
valence shell. In the ground state it has th~ configura-
tion, 5d106s26p2 , hence a covalence of 2 would be expected, 
and lead dees in fact exhibit this covalence in a highly 
unstable group of aryl derivatives. In this type of c~ 
pound the lead atom is only surrounded by six electrons 
in the valence shell, two in the form ef an inert pair. 
The energy required for promotion of an electron from 
the 6s tathe 6p orbital, to give the higher energy state of 
configuration sp3,is more than compensated for in the 
stable bond formation found in the .. ~covalent lead compounds, 
in whiCh the central lead atom is surrounded. by a complete 
octet of electrons. In fact almost all organa-lead 
compounds are those of 4-covalent lead. 
2. Symmetrical Qrgane-Lead Compounds 
Th~ symmetrical organa-lead compounds are thase of 
the type R4Pb, of which the most well known example is 
tetraethyllead, used on a large scale as an anti-knock 
3. 
additive for petrol. The alkyl compounds are colourless. 
liquids up to tetratetradecyllead, (c14H29 )4Pb, which has 
a melting point of 31°c. 1 The straight chain compounds 
are thermally stable up to about 100°C, but the branch 
chain compounds are ra~her less stable. The first member 
of the series, tetramethyllead, is notoriously unstable:, 
and may explode during distillation. Since even tetra-
methyllead has a boiling point over 100°C, purification 
always involves vacuum distillation in the case of the 
l_iqu1ds. 
The aryl compounds are generally colourless crystalline 
solids, tetraphenyllead having a melting point of 223°C. 
There -are three main metheds af preparation of these 
compounds. 
(1) The action of a Grignard compound on lead chlor1de2 , 
often gives good yields of the tetraalkyl or aryl c~ 
pounds. This method involves the for.mation of the 
hexaalkyl or aryldilead compound, and its subsequent 
decomposition on prolonged heating. 
2RMgX + PbCl2 -~) R~ '* :rtrgx:2 + MgCl2 
3R2Pb ) R6Pb2 + Pb 
2~Pb2 -~ 3R4Pb + Pb 
(i) 
(ii) 
(iii) 
4. 
The mechanism proposed by Krause and Grosse2 must seem 
suspect, since it contains two termolecular stages. The 
fact that Krause3 isolates diaryl lead compounds in poor 
yield from the reaction of a Grignard compound with 
lead chloride, would seem to confirm that diaryl lead 
compounds are fo~ed as intermediates in this reaction. 
However rather than a termolecular first stage, this 
reaction could proceed via an aryl lead chloride. 
RMgX + PbX2 -~) RPbX + Mg~ 
RPbX + RMgX ) RgPb + M~ 
Krauae3 reports on the instability of the diaryllead co~ 
pounds; only yields of about 5% were obtainecd, and some-
times none at all. Thus to visualise a reaction, in which 
three such molecules combine together to produce hexaphenyl-
dilead, is extr.emely difficult. 
Gilman, summers, and Leeper4 report on the reaction · 
of pheilyl lithium with lead chloride at -10°C in ether, 
when lead chloride reacts with three equivalents of phenyl 
lithium to give triphenyllead lithium~ Here again, it 
is possible that an intermediate aryl lead chloride is 
formed. 
PhLi + PbC12 ~ PhPbCl + LiCl 
PhPbCl + PhLi ___. Ph2Pb + LiCl 
Ph2Pb + PhLi ~ Ph3PbLi 
It is claimed that the ye·llow colouration obtained during 
the addition of phenyl lithium to lead chloride is due to 
the :f'orrilation of' diphenyl lead, which,acc.ording to Krause~ 
is deep red. There is no real experimental evidence for 
this, though such a reaction mechan~sm is possible. 
Gilman and co-workers have also postulated that an equ:l!.li-
brium exists between diphenyllead and triphenyllead lithium. 
(2.) The actian of an organic lithium derivative, in the 
presence of the organic halide, on lead chloride. 5 
This is o:f'ten a better method than the previous one, 
since there is no loss o:f' lead. 
4RLi + 2Pb~ ) R4Pb + Pb + 4LiX 
2RI + Pb ~ R8Pbi2 
2RLi + R2Pbi2 ) R4Pb + 2Lii 
6. 
(3) The action of a lead-sodium alloy on the organic 
halide. This method is used fo~ the commercial pre-
paration of tetraethyllead from ethYl chloride. 6 
3. unsynnnetrical Qrgano-Lead Campound·s 
These are compounds in which one or all of the 
organic graups bonded to the lead are different from the 
ethers, e.g. R' R3Pb, R' R"RePb, R' R"R'" R.Pb. The tetraalkyl-
and aryltrialkyllead compounda are usually liquid, the ,. 
diaaryldialkyllead and tria~lalkyllead csmpounds are 
liquid or solid, and the tetraaryl compounds are solids. 
All these compounds tend to be thermally less ·~table than 
the synmetrical compounds, and chemi.cally more reactive. 
This adds to the difficulty of obtaining pure compounds, 
particularly the liquids, since they often decompose on 
distillation, many tending to disproportionate to give 
the more stable symmetrical compound. 
The two most useful methods of preparation of these 
compounds are:·-
1. The action of a Grignard compound on a trialkyl- or 
triarylhalide 
2. The action of organolead-metal compounds on organic 
halides 
R'X 
........ _..._..,.) R3PbR I 
R'X~ R3PbR' 
3. The preparation of' compounds:, in which the organic 
groups are all different, is much mere difficult, and the 
step-wise synthesis employem is dependent on the groups 
concemed. 
4. Hexaalkyl- and Hexaaryldilead Campo~s 
These are compounds containing the weak lead-lead 
In all knovm compounds the R groups 
are all the same. They are readily decomposed by heat 
to give the symmetrica1 tetraorganolead compound, and 
lead. The the~al stability in the alkyl series increases 
with molecular weight of the organic group, whilst the 
aryl compounds decompose before melting. 
In dilute solution these compounds are said to 
exh.ibi.t a- d.ecr.ease in molecuJ.a-r weight· -app·reach-1-ng t-ha-t -cif-
R3Pb.?(a) The supposition that the dilead compounds 
dissociate into R3Pb radicals is not borne out by physic~l 
evidence. There is no paramagnetism. However decomposi-
tion of' same kind is indicated. 
These compounds are obtained from the Grignard reaction 
with lead chloride, as already mentioned in the preparation 
of the symmetrical compounds, and they can be isolated if 
a. 
prolonged heating is avoided. The product generally 
contains some of the R4Pb compound, more or less., depend-
ing on the stability of the dilead compound. 
A more recent method of preparation is the reaction 
of a solution of sodium in liquid ammonia on the triaryl-
or trialkyl halide.7 (b) 
R3Pbi + 2Na 
R5PbNa + R3 Pbi 
R3PbNa + Nai 
R3Pb • PbR3 + Na.I 
6. The Compounds of Lead (II) 
The RgFb compounds are thermally unstable, and are 
formed as the first products in the preparation of 
symmetrical tetraorgano-lead compounds from lead chloride 
and Grignard compounds. The only-examples to have been 
isolated are diphenyllead and di-p-tolyllead. 3 
These two compounds were prepared from lead chloride 
and the corre·sp·onding Grignard reagent at 2°C. Yields 
were low, about 4%, decomposition occurring even at this 
low temperature. The products are reported as blood-red 
solids. M·olecular weight determinations in benzene show 
them to be monomeric, in contrast to the analagous diphenyl-
tin, which, although monomeric when freshly prepared, 
quickly polymerises. 
Attempts to repeat this work have so far been 
unsuccessful •. 
9. 
The reaction between phenyl lithium and lead chloride 
to produce diphenyllead has already been discussed, (see 
section on tetraorgano-lead compounds). 
Gilman and APperson8 attempted to prepare diaryl-
lead compounds by the reduction of diaryllead dihalide 
with alkali metal-liquid ammonia solutions. It was 
found that two equivalents of alkali metal on the dihalide 
gave hexaphenyldilead and inorganic lead compounds. Using 
four equivalents of lithium a red solution, containing 
much inorganic lead, was obtained. Addition of ethyl 
bromide to this solution gave diethyldiphenyllead, 
Ph2Et2Pb {60%), ethyltriphenyllead, EtPh3Pb (26%), tri-
ethylphenyllead Et3PhPb (8%), and tetraethyllead. 
Probably the main reaction is via the compound diphenyldi-
lithiumlead. No diphenyllead was obtained. 
Jensen and Ka~s9 viewed the dissociation of 
hexaaryldilead compounds as giving diaryi and tetraaryl 
compounds, rather than the triaryllead radical,which is 
inconsistent with magnetic measurements, (see section on 
hexaorganodilead compounds). 
However they were unable to isolate any diaryllead com-
pounds. 
Radical Cleavage Reactions 
.. ,.. 
.LVe 
1. Cleavage of Symmetrical Tetraorgane-lead Compounds 
It has been known fer some time that pyrolysis of 
organa-lead compounds results in the for.matian of free: 
radicals. Paneth10 first demonstrated this phenomena 
when h~ produced methYl radicals by heating tetramethyl-
lead in an inert gas at low pressures. The method he 
used for showing the presence of free radicals is now 
well knewn. It involves the movement of a metallic mirror 
from the cold to the hot part of a tube. The mechanism 
being, obviously, the formation of an organo-metal cam-
pound at the cold surface, followed by decomposition and 
deposition of the metal at the hot surface. 
In the same way tetraethyllead has been shown to for.m 
ethyl radicals, and phenyl radicals have been obtained 
from tetraphenyllead. 
The production of free radicals by the thermal decom-
position of organo-lead compounds has been a much 
investigated topic. As may be expected decomposition of 
these radicals leads to many different products, e.g. 
acetylene, isobutyl~~e, propylene, etnylene, hydrogen, 
methane, and ethane have been identified from the pyrolysis 
of tetramethyllead. 11 
11. 
It has also been shown that free radicals can be 
produced from symmetrical lead compounds by methods· other 
than pyrolysis. semerano and Riccoboni,12 working on 
the behaviour of free radicals at low temperatures used 
radicals obtained from the decomposition of the very 
unstable organo-silver compaunds. These organa-silver 
compounds were prepared from organo-lead compounds by 
the action of ethanol1c silver nitrate at low temperatures 
(-S0°c), and may be considered as inte~ediates only. 
It was found that at low temperatures, methyl radicals, 
obtained from tetramethyllead, via met~l s~lver, praduced 
ethane, 
.AgCH3 ---.~ .Ag + CH3 • 
2CH3 • C~6 
13 A later paper by Costa and Camus report.s. on the itor-ma-
tion of a complex, 2AgCH3•ASN03 , obtained from the 
reaction bet.ween silver nitrate and tetramethyllead in 
ethanol. It's composition is independent of the ratio 
of silver nitrate to tetramethyllead, and the formation 
of the complex is almost quantitative at 0°C with a silver 
nitrate/tetramethyllead ratio up to 2. Ethane and silver 
are exclusively formed by the decomposition of the 
silver methyl part of the complex. 
Bawn and Whitby14 .have shown that tetrarnetbyllead 
is cleaved by copper nitrate in the same way. However 
the intermediate copper methyl does not decompose to 
give methyl radicals, but reacts with the solvent to 
give methane. 
cu++ + Pb(CH3 )4 _...... cu+ + Pb(CH3 ) 3 + + CH3• 
cu+ + Pb(CH3 )4 ____.,. CUCH3 + Pb(CH3 ) 3 + 
CUCH3 + C~5oH·. ____. CU + CH4 T.· CgF£50. 
2C:aiJ50. ---. C:a!f60H + CH3CHO 
12. 
In the aromatic ~eries, cleavage of tetraphe.nyllead 
w1 th silver ni trate16 gave diphenyl and triphenyllead~n~tratc., 
whilst cleavage by copper nitrate gave mainly benzene, 
in addition to diphenyl. ~d triphenyilead nitrate. 
2. Cleavage of Unsymm~trical O~gano-lead Compounds 
Radical cleavage reactions of these compounds have 
not been studied to any extent, but they ar·e c·apable of 
being cleaved by the same reagents as are the symmetrical 
compounds. Free radicals are, of course, produced by 
pyrolysis. However in this series of compounds there 
is the added problem of which group is more easily cleaved. 
For example the ease of cleavage of certain groups by 
halogens or hydrogen halides is given by Krause and 
Schl8ttig16 as:-
o( -naphthyl'· :2 xylyl, :2 tol.yl, phenyl, methyl, 
ethyl, B-propyl, ~butyl, !§2amyl, cyclohexyl, 
.. ., 
.Lc:>e 
~-naphthyl being the easieat group to cleave. This is 
similar to cleavage of organo-tin17 and organa-mercury 
compounds. 
Free Radicals in Solution 
Reactions of f•ee radicals in solution can, and usually 
do, involve many steps, resulting in the fo~ation of 
several different products. The reactivity of free, 
radicals in solution varies enormously from the highly 
reactive methyl or ethyl radicals to the resonance 
stabilised radicals, such as triphenylmethyl, which are 
formed in solution by dissociation of hexaphenylethane. 
Free radicals are non ionic, and not usually polarised 
to any extent, hence they are not apprec1ably afrected 
by the polari sabili ty of the sol vent .• As may be 
expected, however, the type of solvent, togethe~.-with the 
.,, 
nature of the free radical itself, will determine the 
products obtained. 
Free radicals in solution commonly undergo the, 
following three types of reaction:-
(i) Dimerisation. 
2R• ~ RR 
(ii) Attack on solvent, which commonly takes the 
form of hydrogen abstraction. 
R• + solv. ----+ RH + solv. • 
This leads to furthe~ products, due to the 
fo~ation of another free radical. 
e.g. R• + solv• _ __.,., R-solv. 
or solv• + solv• ---+ solv-solv. 
(iii) Disproportionation 
2R• ~ R(tlJ) + R(-H) 
saturated unsaturated 
14. 
Hence the products from the formation of free radicals in 
solution, in general, depends on the reactivity of the 
radical, and the ease of hydrogen abstraction from the. 
solvent. The highly reactive phenyl radicals in solution 
have little chance to dimerise, and generally form 
benzene by hydrogen abstraction from the solvent. This 
15. 
is readily understood since the pro~ortion of solvent 
molecules to phenyl radicals must be very high, i.e. 
the chance of two phenyl radicals meeting and combining 
to give diphenyl is low. It is thought that,when 
diphenyl is formed, as it is,in very small amounts, it is 
by attack of the phenyl radical on the benzene already 
produced by hydrogen abstraction. 
Reactions of phenyl radicals in solution, partic~larly 
in aromatic solutions, frequently give high yields 
of polyphenyls and tars18• The mechanism recently 
postulated19 is based on the phenylation of the aromatic· 
nucl-eus. 
Ph >CD····· : . H · ..... 
This 11\Plheland intermediate" can then disproportionate or 
dimerise. 
2 Phx=:>···· ... . H '·· ... --+~ Ph-Pll + Ph -o 
2 Ph><::>····· ; . H ····· 
1 1 4',1"411 tetrahydroquaterphenyl 
Lynch and Pausacker20 found quantities of terphenyl and 
quaterphenyl, together with quantities of high boiling 
16. 
products from these reactions. 1'41 ,111 ,411 , tetxaahydro-p-
quaterphenyl has been isolated21 by carrying out phenyla-
tion reactions under nitrogen. It is readily understood 
how tara can be fo~ed, since thexae are many possibilities 
for cross linking. 
e.g. 
Methyl radicals, too, mainly attack the solvent, 
resulting in the f'or.mation of methane, but a small quantity 
of' ethane is formed. If it is considered that the 
• activity of a free radical is a measure of its reactivity 
towards other compounds, and the stability is the actual 
stability of an isolated radical, then it can be under-
stood why ethyl radicals, which are iess stable, and les·s 
active, than methyl radicals, undergo disproportionation 
to give eth~ne and ethylene. Propyl radicals are less·. 
active and more stable than ethyl radicals, and they show 
dirnerisation up to 5Q%, as well as disproportionation. 
In general the more stable and less active the radical~ 
the greater the extent of dimerisation, e.g. the resonance 
17. 
stabilised benzyl radicals dimerise almost exclusively. 
Attack on solvent by free radicals commonly involves 
hydrogen abstraction resulting in the formation of another 
free radical. 
R• + solv ----. RH + solv• 
Hence it is frequently found that isolation of certa-in 
products indicates a free radical mechanism, e.g. products 
(1) and (2) 
e.g. R• + solv• ---+ R-solv (1) 
(2) solv• + solv• ---+ solv-solv 
Free radicals nor.mally react with other compounds in 
two ways:-
(i) 
(ii) 
. ; 
Addition, e. g.. Br· + CH:rCH• CH3 --+ BrCH2 • CH• CH3 
• Displacement, e.g. R• T 0014 ~ RCl + CC13 
Reactions of this type, by a study of products, could be 
used to indicate a free radical mechanism. 
It is now a well established fact that free radicals 
ind~ce the polymerisation of' certain olefine$. It is 
found that introduction of compounds, Which give rise to 
free radicals, increase the rate of polymerisation of a 
monomer. In general it is dangerous to use the polymerisa-
tion of' an unsaturated compound as a diagnostic test for 
18. 
free radicals, unless supported by other evidence, e.g. 
the nature of the reaction products, and the relative 
independence of reaction rate on the dielectric constant 
of the solvent. 
Introduction of quinones or aromatic polynitro compounds 
are found to inhibit poly.merisations initiated by free 
radic·als. These inhibitors, of which there are numerous 
examples, simply remove the radicals from the system 
by forming a stable reaction product. Styrene, which is 
notorious for its ease of polymerisatian, is normally 
stored containing an inhibitor. 
The reaction of free radicals with quinones is not 
yet fully understood. A variety of products have been 
isolated from various reactions, and authors claim either 
attack on the carbon-carbon double bond22 or the oxygen 
double bond., 23 e.g, meth11 radicals with naphthaquinone 
-g-i-ve as ·a fi-rst- product ( 1 ) 
whereas with radicals from 
0 
~ Cll3 (1) 
~i«'azoisobutyronitrile or 
~~'azo~butyrate products (ii) and (tii) are obtained 
pointing to attack on the oxygen double bond. 23 
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Me2~N=N-?Me:2 Me2Y~ 
CN eN· CN 
0 
/CN 
0-C-Mt.~., 
II 
• 01QCl Clo01 Me29 + 
CN Cl Cl Cl ~ Cl 
0 
• 
.,CN ,..C.N 
0- C-1"1c:a. 0-C-Me.t 
Me2cr· +- 01001 01001 (ii) 
CN Cl ~ Cl Cl ~ Cl 
0 o-c-Mc.7.. 
• 'CN 
,..eN. ,..CN 
0-0-Me:z. 0-C-Mt L CloCl CloCl (iif.) + Me2y• +- l· 
Cl ~ Cl Cl. ~ Cl CN CB3·r-cm2: Q OH CN 
When nitrobenzene is attacked by methYl or phenyl radicals, 
ring substituted compounds are obtained, and it has been 
proposed24 that the initial. step in the inhibi t_:l,on pxao.c_eas. 
is the radical addition to the aromatic nucleus. 
R• +· PhN02 R-0 N02 
... 
The increased possibility for resonance stabilisation of 
this intermediate would seem to offer some explanation 
of its action as an inhibitor, and this is substantiated 
by the fact that an increase in the number of nitro groups 
increases the retarding influence. 
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It has also been suggested that attack on the nitro 
group may occur •. 25 
In conclusion it can be said that the reactions of 
free radicals in solution is a highly complex topic, 
and much work remains to be done:. Only a few of the more 
important aspects, insofar as the present work is concerned, 
have been mentioned. 
21. 
PREVIOUS WO:a.K ON THE CLEAVAGE OF LEAD COMPOUNDS WITH. 
- SILVER NITRATE 
semmerano and R1ccoboni1a investigated the decomposi-
tion of lead tetraalkyls with silver nitrate at low 
temperatures .• They found that the tetramethyl~ ethyl, 
and EPropyl compounds react, by a single electron transfer 
process:, to give coloured, unstable, silve~ alkyls and 
triethyllead nitrate. 
R4Pb + AgN03 ~ R3PbN03 + AgR 
Methyl and ethj~ silver decompo~e above -70°0 to give 
silver and hydrocar-bons resulting from reactions of 
methyl and ethyl radicals in solution. At these low 
temperatures (-40°0) the methyl radicals were found to 
give ethane only, whilst ethane., ethylene, and n butane 
were obtained from ethyl radicals. 
Baw.n and Whitby14 confirmed these results and 
showed that the kinetics of the decomposition of silver 
ethyl were compatible w1 th the following reaction mechanism:·-
Et4Pb + AgN03 ---. Et3PbN03 + AsCi-J5 (fast) 
N!.Ctj.i5 ----) Ag + Cgff5.• (slow) 
0~5· + 0aff5• ~ Call4, + 0:alf6 
C~5· + 0sff5• ~ C4Hl.O 
2·2. 
Again for tetramethyllead the kinetics were in agreement 
with the scheme:.-
AgCH3 ~ Ag + CH3 • 
2CE3 • ~ Cifs 
(slow) 
It is rather remarkable that methyl radicals, even if 
. 
produced at low temperatures, should exclusively dimerise, 
rather than give rise to the formation of at least same 
methane by hydrogen abstraction from the solvent. This 
rather suggests that ~he methyl radicals may never be 
'free', and that ethane results from a bimolecular 
reaction, in which the two methyl groups alw~a remain 
2AgM·e 
in close proximity. Probably no fina1 answer can be 
given t·o t-his· -probl-em until the structur·e· of ·si"lver 
methyl 1 a known. There is at present no evidence as to 
whether organo~silver compounds are associated or not. 
The low thermal stability o~ these compounds renders 
physical investigations extremely difficult. 
·More recent work13 on the reaction between silver 
nitrate and tetrame-thyllead would seem to cast some doubt 
on the formation of free silver methyl. Cos.ta and Camus13 
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obtained a compound of composition 2Agcm3.AgN03 when 
silver nitrate was added to tetramethyllead. FUrther-
more this compound was formed irrespective of the ratio 
of silver nitrate to tetrarnethyllead. The reaction 
was found to be quantitative at 0°C with a silver 
nitrate/lead compound ratio up to 2, but not quantitative 
at ~78°C. The products of decomposition are exclusively 
ethane and silver. 
Gilman and woods15 have shown that tetraphenyllead 
reacts in a like manner with s·ilver nitrate, producing 
phenyl silver and triphenyllead nitrate. The subsequent· 
decomposition of phenyl silver gives silver and diphenyl .• 
The only work so far publiShed on the cleavage of 
unsymmetrical and un.saturated lead compounds was by 
Glocklingt 26 who found that 1!2but-1-enyltriethyllead, 
Et3PbCH:·CMe2 gave the unstable, orange, isobut-1-enylsilver 
wi·th silver nitrate in ethanol solution at -78°c. This. 
decomposes above ~20°C with the formation of isobut-1-enyl 
radicals, 10% of which dimerise, but the main reaction 
product is isobutene. Triethyllead nitrate was also 
isolated in high yield. There is no cleavage of any of 
the ethyl groups. 
It is also reportea26 that with the lead alkyl in 
excess, more isobutene is produced than is compatible 
with the equations:, 
Et3PbCH:· CMe2 + AgNC3 ---+ Et3PbN03 + Me2c: CH'Ag 
Me2C: CHAg ,. Ag + Me2c: CH• 
hence in ~; .. addition a chain reaction was postulated, 
Me2p:·CH• + EtCH -----+- Me2c.: CH2 + EtC. 
Et3Pb• CH: CMe2 + EtC• ..___\ Et3PbOEt + :Me2c~Clf· 
2EtC• ) EtCH + CH3CHC 
24. 
This mechanism was supp:ortedi by the fact that the ethanol 
solution gave strong positive tests for aldehydes, and 
that use of' ethyl deuteroxide instead of ethanol resulted 
in the f'o~ation of' 1-deutero!!2butene. 
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DISCUSSION 
The present work began with the idea of preparing 
isobut-2-e:nyl silver, .Ag•CH2•c(CH3 ):CH2, and studying its 
stability and decomposition in solution •. Interest in 
this compound centred around its expected decomposition 
to give, initially, the resonance stabilised methallyl 
radical, •CH2C(CH3):CH2 , Which is isomeric with the already 
known isobut-1-enyl radical, formed by the decomposition 
of !!£but-1-enyl silver26 • Thus a comparison of these 
two isomeric silver derivatives was expected to produce 
information on the relative stabilities of the two 
· organa-silver compounds and also on the behaviour of the 
two isomeric free radicals, in solution. 
It had previously been shown26 that the unsymmetrical 
lead compound., isobut-1-enyl trieth.yllead reacts w1 th 
silver ions to produce !!2but-l~enylsilver. 
This wa-s at· the time the only clearly investigated 
example of the cleavage of an unsymmetrical lead alkyl 
or aryl by silver ions, and there seemed to be no clear 
reason why the uns;ymmetrical, isobut-1-enyl group should 
be exclusively cleaved, rather than one of the ethyl groups. 
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It was decided, therefore, to attP~t an analagous reaction 
which should lead to the formation of methallyl silver. 
This required the preparation of triethylmethallyllead, 
Et3Pb•CH2•c(CH3 hCHso• which was prepared and characterised 
successfully. Like the isomeric !!2,-but-1-enyl canpound, 
this reacted with silver ions, with exclusive cleavage 
of the unayrrnnetrical, methallyl group. However in strik-
ing contrast to the case of the ~but-1-enyl compound 
no sign of an intermediate organo-silver compound was observed, 
for at all temperatures above -100°C silver was fo~ed 
rapidly and quantitatively. 
--.~ Ag + Et3Pb+ + 
•CH2•C(CH3):CH2 
These preliminary observations defined the scope of 
the present work in the following way. It was proposed 
-
to study a series of organo-lead compounds of the type, 
Et3PbR, in which the structure of the R group was varied 
with a view to determining 
(1) the factors influencing the cleavage of the 
R group rather than an ethyl group, 
and (ii) the factors influencing the stability of any 
organo-silver primary product. 
With these factors in mind, the following compounds were 
27. 
pxoepared: -
II 
Et3Pb•C6H4CF3(p), Triethyl-p-trifluoromethylphenyllea4 III 
Et3Pb•c6H4NMe2(p), p-Dimethylaminophenyltriethyllead IV 
Et3Pb•CH: CHC6H5, Triethyl.:.: o<-styryllead V 
It was thought that cleavage of the group R from these 
compounds would be due to the .Ag+ ion, particularly in a 
fairly polar solvent, such as ethanol. It was for this 
reason that compounds III and IV were prepared, for in 
compound III the strongly electronegative trifluoromethyl 
group should attract electrons, leaving the carbon atom 
at the lead-carbon bond with a partial positive charge. 
Attack by Ag+ ion would then take place at a more 
electropositive centre. Thus it was anticipated that 
an ethyl group would be cleaved. Likewise the methiodide 
+ of compound IV, Et3Pb•C6H4NMe3I, was expected to produce 
the same eff'ect. 
~ttth the exception of compound II, these unsymmetrical 
lead compounds were-prepared by the action of the 
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appropriate organic halide on triethyllead-sodium in a 
liquid ammonia-ether solution. Compound II was prepared 
by the action of benzyl magnesium bromide on triethyllead 
chloride • 
.All these canpounds are unstable liquids. Only 
compounds II and IV show reasonable thermal stability, 
although compound I,V decomposes slowly in air at roam 
tempe;roature. In order to avoid undue decomposition,all 
compounds were stored at -78°C. Even so it was found 
necessary to redistil them immediately before use. 
Trietnyl- o< -styryllead (compound V) proved to be particularly 
unstable, decomposing slowly even at ~78°C. Distillation 
of this compound was always accompanied by some decomposi-
tion to lead. 
Reactions with Silver Nitrate 
For each of' the lead cem};)(;mnds studied-, react·i·on-
with an equivalent of ethanolic silver nitrate, at low 
temperature, resulted in exclusive cleavage of the 
unsymmetrical group R. Although a small quantity of c2 
and C4 hydrocarbons was sometimes obtained, it was found 
that fUrther purification of the lead compound either 
removed this completely or reduced it to a negligible 
amount. This small quantity of volatile hydrocarbons is 
obviously produced by the action of silver nitrate on 
tetraethyllead, present as an impurity. Although 
tetraethyllead is the starting material in the preparation 
of all these compounds, it is more likely that its presence 
is due to decomposition of the unsymmetrical compound on 
distillation, rather than to it being unchanged starting 
material. It is weli know.n,unsymmetrical lead compounds 
exhibit a strong tendency to disproportionate on heating. 
This problem was most pronounced in the reaction of 
the unstable triethyl-«-styryllead with silver nitrate. 
Gaseous products, varying from 4 to 1~ were obtained. 
The fact that the percentage of hydrocarbons formed was so 
variable, points to their formation being due to the 
presence of impurities. 
Deliberate addition of small amounts of tetraethyllead 
to these compounds, gave volatile hydrocarbons on addition 
of ethanolic silver nitrate. 
These results are quite conclusive, since the cleavage 
of an ethyl group would give ethyl-silver as a primary 
product. SUbsequent decomposition of silver-ethyl would 
result 1n the formation of ethyl radicals giving mainly 
ethane, ethylene, and butane. 
The fact that even triethyl-R-trifluoromethylphenyllead 
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(III) and the methiodide of p~dimethylaminophenyltriethyl­
lead (VI), produce no volatile hydrocarbons on cleavage 
requires carefUl consideration. Both the CF3 and NMe3 
groups are strongly electron attracting, and this should 
result in the induction of a partial positive charge 
on the carbon atom furthest from tnese groups, i.e. the 
carbon atom bonded to the lead atom, Et3Pb~CF3 • 
This leads directly to the poss-ibility that attack 
is not by Ag+ ions, as previously suggested. However, 
this explan~tion hardly seems probable, since it is 
difficult to postulate a reaction mechanism, which does 
not involve the ~ ion, in an ionising solvent such as 
ethanol. The more reasonable answer to this problem 
would be that there is no residual positive charge induced 
on the carbon atom of the ~Pb bond. The high polarisa-
bility of the lead atom probably accounts for this. 
However, this argwnent offers no exp.lanation as to 
why the unsymmetrical group R should be cleaved in each 
of the compounds studied. It is possible that the cleavage 
is governed by steric factors, that is the greater size 
of the group R, and the greater stability of the symmetrical 
triethyllead nitrate, Et3PbNo3, over that of the unsymmetri-
cal nitrate, ~tgRPbN03 • For this reason it may be 
3:h. •. 
interesting to study the cleavage of methyltriethyllead, 
Here it might be expected that a compound of 
the type .AgCH3.nASN03 would be formed, since it has 
. l.3 beeen already observed that the compound 2AgCH3.AgNo3 
has been formed from the reaction of tetramethyllead and 
silver nitrate. 
some idea of the influence of the organic radical R 
on the stability of the organo-silver compound, AgR, has 
emerged from the behaviour of these five compounds. It 
is known that the simple alkyls of silver decompose 
rapidly above -5ooc,12•14 whilst.isobut-1-enyl silver26 
is stable for several days below -30°. Triethyl-2-methyl-
prop-2-enyllead should give the isomeric isobut-2-enyl 
silver with silver nitrate at low temperature. However 
at all temperatures above -100°C it was found that 
precipitation of silver was immediate. In addition 2,5-
dimethylhexa-1,5-diene was isolated in 96% yield, and 
triethyllead nitrate was obtained as previously described. 26 
Benzyltriethyllead (II) behaves in a like manner. 
There is no indication of any organo-silver compound at 
-78°C, but silver is deposited instantly and recovered 
together with dibenzyl in high yield. 
The behaviour of compounds I and II is consistent 
with the immediate formation of the organic radical R. 
High yields of the dirner would be expected from these 
resonance stabilised radicals • 
• 
CH2 0 
•CH -C=CH 2 1 2 
CH3 
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The ~sobut-2-enyl radical is not resonance stabilised, and 
would therefore not be expected to f'orrn high yields of' 
the dimer. In fact, it is found26 that isobutene is for.med 
in some 60-80% yield, together with only 1~ of' the 
dirner, 2,5-dirnethylhexa-2:4-diene, from the decomposition 
of isobut-2-enyl silver. 
CH3. 
'C=clf· + 
CH,........ 2 3 
These results are consistent with the following m·echanisms 
for the cleavage of compounds I and II by silver nitrate. 
(I) Et3Pb•CH2 •c(CH3 ):CH2 + AgN03 · Et3PbN03 + Ag + 
•cH2•c( CH3 ): CIF2 
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{II) Et3pb•CH2C6H5 + .AgN03 --+ .Ag + Et3PbN03 + •CH2C6H5 
2 • CH2C6Hf> c6H5CH2 • CH2C6H5 
Triethyl-4-trifluoramethylphenyllead (III) shows no sign 
of reaction with silver nitrate at -78°C, but on allowing 
to warm slowly to room temperature there is the formation 
of a transitory red colouration, before black silver is 
precipitated. The silver was recovered in high yield, 
but only a small amount of organic material, in some tarry 
for:m, was isolated. The formation of the highly unstable 
~trifluoramethylphenylradicals would probably resQlt in 
hydrogen abstraction from the solvent, giving mainly the 
volatile benzotrifluoride (B.pt. I02.·~t-·c) as well as a small 
amount of tarry material. The isolation of a small 
quantity ot benzotrifluoride from the _comparatively large 
volmne of ethanol, which is necess:ary to dissolve the 
silver nitrate and lead compound, would prove to be 
extremely difficult. Since the reason for the prepara-
tion of this compound was to try to obtain an unsymmetric~l 
lead compound, Et3PbR, in Which an ethyl group was cleaved 
rather than the group R, it was not thought essential 
to isolate any benzotrifluoride that may have been formed. 
The fo~ation of a red colouration is indicative of the 
formation of an organo-silver compound. 
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Et3PbC6H4cF3 (p) + .AgN03 _....,, [ .Ag·c~H4CF3(p~ + Et3PbN03 
[.Ag• C61\lr4CF3(p ~ > .Ag + • C6H4CF3(P) 
If dimerisation had occurred to any great extent the 
dimer would have been isolated by the method used. 
The addition of ethanolic silver nitrate to 4-Dimethyl-
aminophenyltriethyllead at -78°C, resulted in the for.mation 
of a brown solid, which slowly decomposes at roam tempera-
ture with the deposition of silver. The amount of 
silver deposited from solution, when the silver nitrate 
is in excess., is 110%, based on the lead compound, Whether 
this significant observation is consistent wit~ the 
formation of a silver-organa, silver nitrate complex, 
.AgR.AgN03, or with the reduction of some excess silver 
nitrate by ethoxy radicals or acetaldehyde (2EtO• ~ EtOH + 
26 CH3CHo) , is not known. Dimethylaniline was isolated 
as a react~on product together With tarry material. It 
is a known fact that the formation of appreciable amounts 
of tarry material is observed in reactions involving 
phenyl or substituted phenyl radicals. 18 Henc·e these 
results are compatible with the formation and subsequent 
decomposition of 4-dimethylaminophenyl silver, or its 
silver nitrate complex. 
Et3PbC6H4NMe2 (p) + AgN03 ==+ Et3PbN03 + AgC6H4NMe2 
or Et3PbN03 + AgC6H4NMeg•AgN03 
and 2Eto• 
c6H6NMe2 + EtC • 
EtOH + CH3CHO 
The methiodide of compound (IV), [Et3PbC6H4~eJ ~' 
behaved in a simi.lar way with silver nitrate, that is, no 
volatile hydrocarbons were formed. At -7aoc there is an 
initial yellow-white precipitate , presumably of silver 
j.odide, followed slowly by a pihk precipitate,gradually 
turning brown. On allowing to warm to room temperature 
this precipitate quickly showed signs of decomposition, 
and decomposition of silver was complete after standing 
overnight. The following mechanism is tentatively 
suggested. 
+ [ Et3PbC6H4NMe3] I- + .AgN03 ----t [Et3PbC6H4~e3] N03- + 
Agi 
[Et3Pbc6H4~e3] N03- + .AgN03 ---+ Et3PbNG-3 + [As<tH4iMe~-NO; 
--+ Ag + [·c6H4~e3] No3-[Ag·C6H4NMe3 ] N03-
Perhaps the most interesting reaction is that between 
triethyl-c<-styryllead (V) ~1d silver nitrate at low tempera-
ture. on mixing,an immediate, intense, deep red precipitate 
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fo~s, ~1ich is stable in solution for several days at 
room temperature. Analysis of this precipitate indicates 
that it is styryl silver and not the silver nitrate complex 
of styryl silver. on refluxing for several hours to 
effect decomposition, m.gm. quantities of styrene were 
found, and a large amount of some highly insoluble and 
evidently polymeric compo1md was formed. The nature of 
this insoluble material was not discovered. However it 
is almost certainly due to the production of styryl radi.cals 
from the decomposition of styryl silver. It is not 
normal polystyrene since it :i. s insoluble in boiling . 
benzene. 
Et3Pb•CH:CHC6~ + AgN03 + Et3PbN03 + Ag•CH:CHC6H6 
AgCH:· CHC6H5 .A.g + • CH: CHC6H6 
•CH:.CHC6H6 ·insoluble products. 
In general it appears that the greater the stability 
of the radical R, the less stable is the organo-silver 
cornpeund .AgR. In the cas·e of compounds I and II the 
stability of the ~but-1-enyl and benzyl radicals are 
such that an intermediate silver compound is not formed., 
at least under the conditions used in these experiments. 
There are good indications that compounds III and IV for.m 
M. 
intermediate organo-eilver compounds, and the radicals 
formed, being substituted phenyl radicals, are very un-
stable. The remarkable stability of styryl silver may 
well be reflected in the instability of the styryl radical. 
The fact that there is a double bond adjacent to the 
silver atom may also be significant, since this is true 
in the case of isobut-2-enyl silver, and this compound is 
stable up to -30°c. 
Examination for Free Radicals 
Since this work involves the postulation of the 
formation of organic free radicals, either directly or via 
an·unstable organo-silver intermediate, it was thought 
that the formation of free radicals ~1ould be more directly 
demonstrated. 
Although initiation of the polymerisation of some 
olefines cannot, in itself, be taken as evidence for the 
existence of free radicals, if free radicals are formed, 
it might be expected that polymerisation will occur. It 
was found that reaction of alcoholic silver nitrate, in 
the presence of styrene with compounds I, II, and IV 
produced polystyrene. Under the same reaction conditions 
tetraethyllead produced 15, 13.5, and 12 times as much 
polystyrene as did compounds I, II, and rv. No polystyrene 
was obtained from a blank experiment carried out under the 
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same conditions, but without the presence of a lead 
compound. 
A small amount of polyacrylonitrile was obtained in 
a similar experiment with compound I and silver nitrate, 
in the presence of acrylonitrile. 
Reactions were carried out between compound I and 
silver nitrAte in the presence of n-butyl mercaptan. In 
this case it was hoped that the methallyl radicals produced 
would abstract hydrogen from the thiol to produce~-
butene. This could well be so, since S-H bond dissocia-
tien energies appear to be about 10 K.cal. lesa than 
corresponding C-H values, 27 and the bond dissociation 
energies of ~H bonds are alao considerably less than 0-H 
~ 
values, 
(CH3o-H, 100 K.cals/mole ; CH3s~H, 88.8 K.cals/mole). 
However,it was found that reaction took place between the 
lead compound and the mercaptan w~thout the addition of 
silver nitrate. some yellow plate crystals were obtained 
from tne reaction products. These crystals proved to be 
insoluble in most organic solvents, but could be 
recrystallised from NN-dimethylformamide. Volatile 
hydrocarbons were also formed, and were found to analyse 
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If this had been a free radical 
reaction involving ethyl radicals then a mixture of c2_ 
and c4 hydrocarbons V'J"ould have been expected. 
ca~~5· 
2C H • 2 5 
~ C2ff6 by H abstraction 
The analagous reaction With tetraethyllead proved to be 
very photosensitive. Disulphides, likewise, could not 
be used, since they too reacted with the lead compound 
without the addition of silver nitrate. Since these 
reactions did not serve the purpose of showing the 
presence of free radicala in the cleavage reaction, the 
topic was not pursued. 
Likewise the use of quinones for detecting the pre-
sence of free radicals, in the silver nitrate cleavage 
reaction, was discarded:, since it was found that thes·e 
compounds reacted with isobut-1-enyltriethyllead. without 
the addition of silver nitrate, to produce deep red 
solutions. Addition of silver nitrate to these coloured 
solutions produces. no precipitation of silver. 
In conclusion, although these further experiments 
proved to be of no value in showing the presence of free 
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radicals, it may well be profitable to investigate the 
reactions of lead compounds with q~inones and mercaptans. 
It is also suggeated that the products of the cleavage 
reactions, themselves,are compatible with a free radical 
mechanism, as is the case in the cleavage of other lead 
compounds. 12, 26 The production of polystyrene and 
polyacrylonitrile can then be recognised as confirmatory 
evidence. 
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EXPERIMENTAL 
1. Handling Techniques. 
The toxicity of lead compounds. is well known and care 
must be. exercised in handling them. Volatile liquids 
are both readily absorbed through the skin, and inhaled. 
Since most of the lead compounds used in this work were 
liquids., rubber gloves were always wo~, when there was 
any chance of the lead canpound coming into contact w1 th 
the skin. 
cupboard •. 
All the work was carried out in a good fumes 
The stability of the compounds towards oxygen and 
water is such that no special precautions were taken 
to exclude air or atmospheric moisture, except in the 
initial stages of preparations from the reactive triethyl-
lead-sodium or Grignard compounds. However the thermal. 
stability is lo·w, and the prepared compounds were stored 
at -78°C to preven~ decomposition. Precautions were also 
taken against subjecting them to sunlight, which causes 
deposition of lead. 
In order to obtain pure samples of the lead compounds, 
it was necessary to keep the distillation temperature as 
low as possible. standard high vacuum techniques were 
employed. The use of nor.mal fractionating columna was 
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discarded, since at ver.y low pressures they served only 
to raise the temperature to which the compound had to be 
heated for distillation. PUre samples were obtained by 
taking the middle fraction only and redistilling. 
unwanted lead compounds were destroyed by addition 
of a ~ solution of bromine in carbon tetrachloride. 
Lead analya~ were carried out by the method of 
saunders. 28 
2. Preparation of the Unsymmetrical Organo-Lead Compounds 
(1) Triethyl-2~methylprop-2-enyllead Et3Pb•CH2•C(CW3 ):CH2. 
3-Chloro~2-methyl propene was purified by refluxing 
with a small quantity of sodium, followed by distillation 
through a good column. The sharp fraction boiling 
between 71-71.5oc was taken. 
A .solution of sodium (9.5 g.; 0.413 mole) in liquid 
ammonia {600 c.c.) was added quickly to a solution of 
tetraethyllead (44 c.c.;: 0.266 mole) in dry ether (250 c.c.), 
at -80°0 to -100°C;contained in a 5 litre silvered vacuum 
flask. There was immediate evolution of ethane and 
discharge of the blue colour, leaving a yellow solution 
comtaining triethyllead-sodium. 29 After 1 minute, 
3-chloro-2-methyl propene (30 c.c.; 0.2 mole) in ether 
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{100 c.c.) was adaed, with vigorous stirring, over a 
period of 1-3 minutes. The residue after evaporation of 
ammonia was extracted with water and etller. Distillation 
of the dried ether extract gave triethyl-2-methylprop--2-
enyllea.d { 30 g.;· 4~ yield) as a colourless liquid, boiling 
at 45-50°C/0.1 mm. Two further vacuum distillations 
were necessary to remove tetraethyllead. 
Found C 33.6, H 6.5, Pb 58.~ 
This lead compotund is fairly stable towards air at room 
temperature, but reacts violently at elevated temperatures 
(e.g. 70°C) with the deposition of large pieces of lead. 
Strong snnlight causes lead to be rapidly deposited, 
hence the compound was stored in solid carbon dioxide, in 
the dark. 
A solution of the alkyl {10 c.c. in 100 c.c. carbon 
tetrachloride) was brorninated by addition of an excess of 
a 10% solution of bromine in carbon tetrachlo~ide at 
roam temperature, stirring being maintained during the 
addition. The precipitated lead bromide was. filtered off, 
and the filtrate washed with sodium carbonate solution to 
remove the excess bromine. After washing with water, drying 
over anhydrous magnesium sulphate, and distill.ing, this 
44. 
solution gave 1,2,3-tribrorno-2-methylpropane as a colour-
less liquid, boiling at 95°/6 mrn. 
Found c 15 •. 8 H 2.4 Br 81.4% 
Calculated for c4H7Br3 C 16.3 H 2.4 Br 81.3 % 
Et4Pb + 2Na/Liq N}I3 ____.. Et3PbNa ..,. c~6 + Na.NH2 
Et3PbNa + Cl•CH2•c(CH3):CH2 ____. Et3Pb•CH2•C(CHa):CHg + NaCl 
Et3Pb•CH2•C(CH3 ):CH2 Bra J 3EtBr + PbBr2 + 
BrCif2 • C( CB·gJBr• CB~r 
(II) Benzyltriethyllead 
Previous preparations of this compound30 have 
resulted in very poor yield. The following procedure gave 
a 67~ yield of pure product. 
Triethyllead chloride (83 g.; 0.25 ~mDle), prepared 
by the method of Saunders, 31 was added to a filtered 
solution of benzylmagnesium chloride, pr~pare4, from 
benzyl chloride (56 g.; 0.4 mole) and magnesium ( ~0. 5 g;: 
0 •. 43' mole) in 200 c.c.s ether, at room temperature. There 
was an initial evolution of heat, after which the mixture 
was refluxed for 1 hour and left stirring at roam 
temperature overnight (nitrogen atmosphere). The products 
were poured into ice-water and extracted with ether. 
Distillation of the dried ether extract gave benzyltriethyl-
4i·. 
0 lead as a pale yellow liquid, boiling point 82 C/.05 mm, 
30 (quoted B.pt. 149-1500c/13 rnm). on cooling to -30°C 
there was no separation of dibenzyl. The product was 
redistilled. 
Found C 40.6 H 5.8 % 
Calculated for c13H22Pb C 40.5 H 5.75 % 
It is possible that previous preparations have resulted 
in low yields, due to the higher tempe.rature of distilla-
tion, since this compound was found to be unstable at 
elevated temperatures. 
(i) 3" p-Bromobenzotrifluoride w was prepared from p-bramo-
toluene, which was converted to p-bromob·enzotribromide by 
the action of bromine and ultra-violet light. p-Bromo-
b-enzotribromide was ground intimately with ~ antimony 
trifluoride and dry-distilled, when p-bromobenzotrifluor:t.de, 
B.pt. 153-155°C, was obtained. 
(ii) The lead compound was prepared from p-bromobenzotri-
fluoride (22.5 g; 0.1 mole), tetraethyllead (39 g; 0.12 
46. 
mole),and sodium (5.5 g; 0.24 mole) in liquid ammonia, 
in a similar manner to the preparation of triethyl-~ 
methylprop-2-enyllead (I). After addition of the halide 
to triethyllead-sodium a blood red colouration was 
observed, which persisted in the ether extract. Distilla-
tion of the dried ether extract yielded 14 g. (3~ yield) 
of product, B.pt. 80°0/0.06 mm. Distillation was 
always accompanied by slight decomposition to lead. 
FO\Uld C, 34.5; H, 4.6; F, 12.0;: Pb, 47.8% 
c13H19F3Pb requires c, 35.5; H, 4.4; F, 13 •. 0; Pb,47 .1% 
This lead compound is a pale yellow l:ii.quid,decomposing 
slowly at roam temperature. 
p-Chlorobenzotrirluoride did not react With 
triethyllead-sodiurn under these conditions. 
(IV) p-Dimethylaminophenyl triethyllead Et3pb• c6H4 •NJie.2(p) 
This was prepared by the liquid ammonia method from 
p-bromo-NN-dimethyl aniline (40 g; 0.2 mole), tetraethyl-
lead (71 g; 0.22 mole), and sodium (10.5 g; 0.46 mole). 
After addition of the halide to triethyllead-sodium the 
reaction mixture was dark green in ccilour, and the ether 
extract deep red. Distillation of the dried ether extract 
47. 
gave the lead compound as a fairly viscous, yellow lf.quid, 
boiling point 150°C/0.6 rnm. The yield was 43 g. (52%). 
Found C, 40.7; H, 6.4; Pb, 50.4% 
c14H25NPb requires c, 40.7; H, 6.1; Pb, 50.0 % 
p-Dimethylaminophenyltriethyllead proved to be, thermally, 
the most stable of the lead compounds studied. However 
the compound slowly decomposes in air at roam temperature. 
The methiodide of this compound was precipitated 
from an ether solution by addition o~ an excess of 
methyl iodide. The white solid melts at 131~132°G. 
Found c, 31.3; H, 4.8 % 
H, 5.1.% 
Triethyl.;.; 0(- styryllead 
This compound was prepared in 40% yield from 2-bromo-
styrene (37 g; 0 •. 2 mole), tetraethyllead (87 g; 0.27 mole), 
and sodium (13 g; 0.56 mole) in liquid ammonia. Distill~~ 
tion gave triethyl- -<-styryllead as a yel.low liqu:ii.d, B. pt. 
94°C/10-a rmn. 
Found c, 41.4; H, 5.6; Pb 51.2 ~ 
c14H22;pb requires. c, 42.3;: H, 5 •. 6; Pb 52:.1 % 
48. 
Triethyl-o< -styryllead is thermally unstable and, in 
fact, decomposes slowly in air, even if stored at -78°0. 
The only satisfactory method for distillation of this 
compound, was found, to be in using a molecular still, in 
which the temperature of distillation is much lower than 
in a no~al distillation apparatus. EVen distillation 
in a molecular still produces same lead, and great 
difficulty was experienced in obtaining a reasonably 
pure sample. 
A large excess of sodium and tetraethyllead were 
used in this preparation, since it was found better 
for purification purposea to have an excess 0f tetraethyl-
lead rather than 2-bramostyrene. 
Bramination was effected in the same way as for 
compound I, and 1,2,2-tribramo-1-phenylethane was obtained 
as a colourless oil, B.pt. 106-110°C/0.1 mm. 
Fo'Ull.d 
Calculated for C8H7Br3 
C, 28.4; H, 2.2~ Br, 69.3 ~ 
C, 28.2; H, 2.1; Br, 69.7 % 
3. Reaction with Silver Nitrate 
(1) Triethyl-2-methylprop-2-enylle~d 
(a) Isolation of Dimethallyl CH2:;C(CH3 )~CH2.Cfts.C(CIIJI3):~ 
49. 
Silver nitrate (4.0 g;· Q0235 mole) in dry ethanol 
(150 c.c.J was added dropwise to a stirred solution of 
the lead alkyl (5.3 g; .0152. mole) at ro9M temperature. 
Silver was instantly precipitated. The mixture was 
stirred overnight, and the silver filtered off. The 
solution was extracted with water (300 c.c.) and ether 
(3 x 100 c.c. portions), and the ether extracts washed 
with more water to remove as much ethanol as possible. 
Distillation of the dried ether extract through a good 
packed column (1 metre long) yielded approximately 50 c.c. 
of a concentrated ether solution. This was transferred 
to a vacuum apparatus and the ether removed by condensa-
tion th~ough a trap cooled to -70°C. The residual 
contents of the trap were then condensed onto an exce·ss 
of 1-napthyl isocyanate to remove last traces of ethanol, 
and finally gave 2,.5 .. dimethylhexa-1,5 diene, b.p-t. l12°C/ . 
760 mm. Yield o.8o g; 9~. 
Found C, 86.9; H, 12.8 % 
Calculated for c8a:14 c, ·87 .2;; H, 12.8 % 
(b) Estimation of Silver 
In a small scale experiment 0.4057 g. lead alkyl 
were reacted with a slight excess of ethanolic silver 
nitrate. The precipitated silver was filtered off, washed 
with water, and dissolved in concentrated nitric acid. 
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The acid solution was diluted to about 6N and titrated 
with standard ammonium thiocyanate solution, using 1 c.c. 
of a ~ solution of ferric alum as indicator. 
Recovery of silver = 9~ 
(c) Isolation o:f Triethylle(ld Nitrate.-
... 
Trieth.yllead n1 trate was·. isolated in 94.6% y!eld 
from the decomposition of 0.0551 g. lead alkyl with 
silver nitrate, as previously describea. 26 The nitrate 
was converted to triethyllead chloride by the method 
of Gilman and Woods. 15 
Found C, 21.8 ; H·, 4.8 % 
calculated for c6H:IL5PbCl, c, 21.8; H, 4.6 % 
i. e. Et 3Pb • CII'2 • C ( CH3 ):. CH2 + AgN03 --. .Ag + Et3PbN03 + 
tCB8::. C ( CHz) • CHs;• ) 2 
(d) Investigation of Volatile Products 
In the investigation for volatile hydrocarbon products 
from the reaction of the lead alkyl with silver nitrate. 
standard vacumm techniques were employed. The reaction 
vess:el requires a little more description and a diagram 
is shown in fig. 1. 
A small quantity of the lead compound (0.65 g.) in 
ethanol (20 c.c.) was placed in bulb B of the reaction 
vessel, and a slight molar excess o~ silver nitrate 
(0.33 g.) in ethanol (20 c. c.) was placed in bulb A •. 
The apparatus was connected to the vacuum apparatus· 
by the joint 0 and pumped out. In order that solvent 
51. 
was not pumped off in sufficient quantity to cause 
precipitation of either silver nitrate or lead alkyl, the 
the bulbs were cooled in a cog/acetone trap after the 
initial de-gassing. The ·~.t·ap D was then closed and the 
pumps switched off. The two solutions were mixed at 
-78°0 by rotation of the bulb A about the joint E. There 
was :l,llDTlediate precipitation of silver, even at this l.ow 
temperature. 'J~he taps connecting the apparatus to the 
fractionating chain (f'ig. 2) were then opened., and about 
halt the contents of the reaction vessel were condensed 
into the first bulb of the ~ractionating chain, by cooling 
it in liquid nitrogen. This ~raction would contain all 
volatile products and ethanol. The solution was then 
fractionally condensed through a -78°0 trap into a liquid 
nitrogen trap. This operation was repeated, and the 
more volatile fraction was transferred to a calibrated 
gas burette, via a -90°0 trap, using a T8pler pump .• 
The f'irst experiments yielded some volatile product,, 
which on combustion proved to be a mixture of c2 and c4 
62. 
hydrocarbons. The carbon dioxide formed was condensed in 
a liquid nitrogen trap and the excess oxygen pumped off. 
The carbon dioxide was then transferred to the gas burette, 
via a -78°C trap, and measure~. 
Typical Results:_ 
(i) Weight of lead compound .... 
Volume of gaseous products: = 
pressure = 
temperature = 
Combustion 
0.66 g. 
52 c.c. 
31..07 m.m. 
22.1°C 
Volume of carbon dioxide = 122.2 c.c. 
pressure = 31.07 m.m. 
temperatu;t-e = . 22.1 °c •. 
i.e. carbon eontent of the gaseous material 
= 
122.2 
52! = c 2.36 
This result would be expected if an ethYl group had 
been cleaved, since:-
Csalls • • C:alfs, 
ac2H5· C4H1o 
S:C~5 -.- ----+ 01¥16- + C~4, 
on the assumption that 1 mole lead compound produces: 
1 mole c2 hydrocarbon _the volume· of gaseous material 
obtained is equivalent to a 4.~ yield. 
(ii) This experiment was repeated on the same sample of 
lead compound, with the same result. 
products = 4.~. 
Yield of gaseous 
(iii) The lead compound was redistilled twice more, 
rejecting the first 40% of the required fraction, 
in order to prevent tetraethyllead collecting in 
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the sample. The freshly distilled sample was then 
used for a repeat experiment, when it was found 
that the yield of volatile compounds had fallen to 
0.69)l;. It is clear that volatile hydrocarbons are 
produced due to tetraethyllead as an impurity. 
Mole % tetraethyllead in the first sample of 
Compound I = 4 •. 8 
Mole % tetraethyllead in the redistilled sample = 0.62 
(2) Benzyltrietbyllead 
(a) Isolation of Dibenzyl 
An excess of silver nitrate (1.4 g.) in ethanol 
(70 c.c.) was added to benzyltriethyllead (2 .• 33 g .• }- in 
ethanol (20 c. c.) at -7a0 c. Silver was slowly precipitated 
and filtered off. Water (600 c.c.) was added to the 
filtrate and the turbid solution extracted twice w•;i=.h 100 
c.c. ether. The ether extracts were washed three tim-es 
with water, dried, and distilled. The solid residue was 
recrystallised from aqueous alcohol, and gave diben~yl 
(0.491 g.; 8~ yield). Melting point and mixed melting 
point 52.5°c. 
(b) Estimation of Silver 
The precipitation of silver was carried out as in 
the case.- of compound I. 
Recovery of silver = 98.~. 
(c) Investigation of' Volatile Products; 
54. 
This was carried out using the same procedure as 
for compound I. No C~ or c4 hydrocarbons were produced. 
(3) Triethll~p-trifluoramethylphenyllead 
(a) Isolation of Organic Material 
The isolation of organic material was effected ··in the 
same way as the isolation of' dibenzyl in the previous case. 
After removal of' ether fram the ether extract, a small 
quantity of' non-volatile, tarry oil (0.08 g.) was isolated. 
It is clear that volatile products, distilling in the 
ether, must have been formed; possibly benzotrifluoride. 
Isolation of a small amount of benzotrifluoride from the 
comparatively large volume of solvents necessarily in-
volved, would be difficult. Since the reason for this 
reaction was to see if an ethyl group was cleaved by 
silver nitrate, isolation of any benzotrifluoride was not 
attempted. 
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(b) Estim.ation of Silver 
The recovery of silver was 9Q%. 
(c) Investigation of Volatile Products 
This was carried out as befo·re. On mixing the solu-
tion of lead cornpotmd (0.442 g.) in ethanol (20 c.c.) with 
silver nitrate (0.17 g.) in ethanol (20 c.c.) at -78°C, 
there was no immediate precipitation of silver. On 
warming slowly to room temperature, silver was slowly 
precipitated 1 with the formation of a transitory red colour. 
:t~o volatile hydrocarbons were formed, i.e. there was no 
cleavage of P~ ethyl group. 
(4) p-Dimethylaminophenyltriethyllead 
(a) Isolation of Dimethylaniline 
The red-brown precipitate obtained on addition of an 
excess of ethru1olic silver nitrate to a solution of the 
lead compound (8.51 g.; 0.0206 mole) in ethanol (100 c.c.), 
was le~t overnight to decompose. The greyish solid 
(silver) was filtered and the filtrate reduced in volume 
to 50 c.c., by distilation. The ethanol solution was then 
extracted with ether and water. The dried ether extract 
yielded 0.8 g. of a dark red oily li.quid, which an distilla-
tion gave 0.65-g. tar and 0.15 g. dimethylaniline, 
(characterised as the p-nitroso derivative; m.pt. and 
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mixed m.pt. 85-86°C). 
A second ether extraction yielded 0.1 g. dimethyl-
aniline and 0.4 g. tar. A further 0.65 g. tar were 
obtained by ether extraction after making the solution 
strongly alkaline. 
Total yield dimethylaniline =- 0.26 g. (1~) 
Total yield tar = 1.7 g. 
(b) ~stimation of Silver 
The recovery of silver was 110~ based on the reaction 
. . 
Et3Pb•c6H4N(CH3 ) 2 + AgN03 ~ Ag•C6H4N-(Clf3 ) 2_-~:- Et3PbN03 
In a -similar reaction,in which the lead compound was in 
excess, there was a quantitative recovery of the silver 
used. 
(c) Investigation of Volatile Products 
Investigation of the formation of volatile products 
was carried out as in the previous cases. No volatile 
hydrocarbons (i.e. c2 or c4)are formed. 
(d) Reaction of the Methiodide with Silver Nitrate 
The methiodide of p-dimethylaminophenyltriethyllead 
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was formed from 0.46.1 g of the lead compound and an excess 
of methyl iodide, in one limb of the reaction vessel 
used in the determination of volatile hydrocarbons. 
The excess methyl iodide was pumped off leaving the white, 
solid, methiodide. Reaction of this with two equivalents 
of silver nitrate in ethanol produced no volatile hydro-
carbons. on mixing at -78°0 a pale yellow precipitate 
(presumably silver iodide) was formed. on allowing the 
mixture to warm slowly upto roam temperature a red-brown 
colouration was obtained, which slowly disappeared, 
accompanied by the deposition of metallic silver, on 
standing for several hours at roam temperature. 
[ Et3Pb•c6H4i(CH3 ) 3] I- + · .. AgNo3 - ... [Et3Pb•C6H4N(CH3 ) 3] N03-
+ Agi 
( 5) Tri ethyl- a< - styryllead 
(a) Isolatiqn of Organ~c Products 
Triethyl-o< -styryl lead (20 g.) was added slowly, 
with stirring,to a solution of silver nitrate (9 g.) in 
alcohol (800 c.c.) at -78oc. The deep red precipitate 
(of silver styryl ?) fo~ed was refluxed overnight in the 
sa. 
ethanol solution, when it was apparent that decomposition 
had taken place. The solution was filteredF and the 
filtrate extracted with ether and water. The dried ether 
extract was brominated, when dibromostyrene,equivalent 
to 0.05 g. styrene,was isolated (1% yield). The 
precipitate was found to consist of silver and a large 
quantity of insoluble and evidently polymeric material, 
the exact nature of which was not elucidated. No distyryl 
was isolated. 
(~) Examination of the Silver styryl 
In a similar experiment a little of the solution 
containing the d·e.ep red precipitate was cooled to -78°C 
and quickly centrifuged. The solution was decanted from 
the precipitate, which was then washed well with cold 
alcohol,and centrifUged again. The washed precipitate 
wa·s· pumped dry and weighed. Dur-ing the pump.ing,.decomposi-
tion of the precipitate occurred, and hence the weight 
obtained was of the decomposition products. The organic 
material was extracted with ether or benzene, and 
the .. silver estimated by conversion to the ni trate,and 
titrating with standard thiocyanate solution. 
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Silver stlr~l Silver orsanic Material 
(Decomposition) Found Estimatelil Found Estimated 
1. 0.1033 g. 0.063 g. p.0527 g. - g. 0.0506 
2. 0.066 0.0313 0.0336 0.013, 0.0324 
3. 0.077 0.043 0.0393 0.013 0.0377 
Ag•CH:CHC6H5 requires 51% silver 
found 56% silver 
AlthoUgh decomposition of the suspected silver styryl in 
solution results in the fo~ation of a negligible amount 
of volatile material, decomposition of the near dry solid 
may result in the formation of a slightly larger amount 
of volatile material. On pumping this would be lost, 
and since the silver styryl was weighed as decomposed 
material, this would have the effect of increasing the 
silver content. This may well account for the difference 
of 5%. 
The discrepancy between the organic material found, 
and that estimated, is due to the fo~ation of an 
insoluble grey material, probably polymeric, and not 
extracted in ether or benzene. 
(c) Estimat~on of Volatile Products 
Using the s·arne procedure, as pr~viously described, a 
g. 
variable quantity of volatile material was isolated, which, 
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on combustion, was found to have a carbon content of c2•2 , 
in the order of that expecte~ from the production and 
reaction of ethyl radicals in ethanol. The amount of 
gaseous product was found to be greater in samples stored 
at ~78°C for several days. Repeated distillation, 
using a molecular still, and using the sample immediately 
after distillation, reduced the yield of volatile hydro-
carbons from 1~ to 4%. It is fairly obvious that the 
production of volatiles is due to the formation of tetra-
ethyllead by decomposition of triethyl.;.o<. -styryllead, either 
by storing at ~78°C or on distillation. Every distillation 
of. this compound- resulted in the formation of some lead. 
Ag + 1% CH2:CHC6H5 + insoluble, 
polymeric material 
4. Pol;ymerisat.ion :EXperiments· 
(1) Polymerisation of Styrene 
I 
styrene was freed from its inhibitor by vacu~ 
distillation. 10 c.c.s of the freshly distilled styrene 
were added, in turn, to 3 two necked flasks:. (50 c. c.), one· 
containing triethyl-2-methylprop..;2-enyllead (0. 33 g •. ), 
one containing an equimolar quantity of tetraethyllead 
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(0.305 g.), and one empty. 12 c.c. of a solution of 
silver nitrate (0.6 g.) in ethanol (36 c.c.) were added 
to each flask, causing instant precipitation of lead 
in those flasks containing lead compounds. After 
standing overnight, the contents of the flasks were filter-
ed. The silver residues were extracted with hot benzene, 
and the benzene extracts added to the first filtrates. 
The same volume of benzene was added to the blanlt .. 
polystyrene (infra red identification) was precipitated 
and coagulated by the addition of methanol. The polymer 
was filtered, dried, and weighed. The whole experiment 
was carried out under nitrogen. 
It was found that the blank produced no polystyrene, 
whereas appreciable amounts were obtained from the reaction 
of compound I, and tetraethyllead with silver nitrate 
weight of polystyrene from tetraethyllead = 0.75 g. 
Weight of polystyrene from compound I = 0.05 g. 
In the same way compounds II and IV were found to produce 
small quantities of polystyrene. 
Ratio of polystyrene from tetraethyllead: 
Compound I = 15:1 
Ratio of polystyrene from tetraethYllead: 
cornpo1md II = 13. 5:.1. 
Ratio of polystyrene from tetraethyllead: 
Compound IV = 12:1 
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(II) Pol~erisation of .Acrylonitrile 
In exactly the same way a small quantity of poly-
acrylonitrile was obtained from triethyl-2-rnethylprop-2~ 
enyllead. 
6. 
(I) ~eaction with n-Butyl Mercap~ 
(a) compound I (0.44 g.) was dissolved in 6 c.c. of 
n-butyl mercaptan and placed in one limb of the reaction 
vess:el (fig. 1). A slight excess of silver nitrate 
(0.27 g.) inn-butyl mercaptan (10 c.c.) was placed in 
the other limb. on standing at room temperature for 
about 20 minutes it was found that the originally clear 
solution of lead compound in mercaptan had become coloured· 
greenish-yellow with the formation of a brown-yellow 
precipitate. on cooling to -78°C,prior to mixing with 
the silver mercaptide, a yellow solid was brought out of 
solution. on mixing the two solutions no precipitate 
of silver was produced. 
place. 
Reaction had already taken 
(b) Although this reaction could not now be used to tesx 
for the production of free radicals by the action ee~ie& 
of silver nitrate on Compound I, a reaction between the 
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lead compound (0.741 g.) .:Uld an excess of n-butyl mercaptan 
was carried out in the same way as described above. 
It was found that reaction did not take place at -78°C, 
but on allowing to stand at room temperature, overnight, 
a grey solid, in which could be seen yellow crystalline 
material, was for·med. 
A large volume (35.21 n.c.c) of gaseous material, which 
on combustion analysed to c1 • 9 , was also produced. 
Yellow place crystals, containing lead and sulphur, 
were isolated from the solid products by extracting the 
grey material with chloroform. These yellow crystals 
proved to be highly insoluble in most organic solvents, 
and were crystallised from dimethylformamide, when they 
melted at 195-1970C, ~nthoecomposition. 
On attempting to recover the grey material from the 
chloroform solution by distillation, a black solid was 
precipitated, evidently py decomposition of the grey 
material. 
A similar reaction occurs between tetraethyllead 
and n-butyl mercaptan. 
highly photo-sensitive. 
The reaction was found to be 
This topic \vas not pursued. 
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(II) Reaction with n-Butyl Disulphide 
Reaction of Compound I with silver nitrate in the 
presence of n-butyl disulphide to show the formation 
of free radicals by breakage of the s-s bond, could not 
be carried out, since both silver nitrate and the lead 
compound each react separately· with the disulphide. 
(III) Reaction with Chloranil c6c16o2 
The lead compound (3 g.) in benzene (10 c.c.} was 
added to a solution of chloranil (2.1 g.) in a benzene/ 
methanol mixture (200 c.c.; 10% methanol). A deep 
red solution was immediat.ely produced, and addition of 
silver nitrate in methanol produced no precipitation o~ 
silver. Reaction had already taken place between the 
quinone and the lead compound. 
Tetraethyllead behaves in a similar manner, and at 
least two different yellow~brown, amorphous solids, both 
containing lead and both, in part, organic,were isolated 
by evaporation of the benzene solution. ~he nature of 
these solids is not known, and since the reaction did not 
give any added information of free radicals from the 
reaction between.the lead compound and ethanolic silver 
nitrate, this topic was not pursued. 
P:A:RT 1B 
THE "LOW TEMPERATURE REACTIONS OF S.OD 
ORG.AN<r-MlfrALLIC REAGENTS WITH LEAD HALIBJS 
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.SUMMARY 
The reactions of phenyl lithium, phenyl magnesium bromide, 
and mesityl magnesium bromide with lead bromide in tetra-
hydrofuran are described. 
EVidence is presented, which corroborates the idea, 
put forward by Gilman, summers, and Leeper, 4 of an 
equilibrium between diphenyllead and triphenyllead lithium, 
This reaction is sho\vn to proceed at -78°C in tetrahydro-
fur an. 
The analagous Grignard reactions, involving the 
formation of triphenyllead- and trimesityllead magnesium 
bromide, are described, and the evid~~ce suggests the 
existence of an equilibrium, 
i.e. 
and 
Ph2Pb + PhMgBr ~Ph3PbMgBr 
MsaPb + MsMgBr ~ Ms3PbMgBr 
(Msl = mes·ityl) 
The experimental evidence also suggests that diorgano-
lead compounds are hydrolysed with water, and are only 
formed in equilibrium with the triorgano-lead lithium 
and t1•i·9rgano-lead magnes:ium bromide compounds. It is. 
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suggested that this latter factor is responsible for 
the fact that no diorgano-lead compounds were isolated 
from these re-actions. 
67 
DISCUSSION 
The isolation of diaryllead compounds, fran the 
reaction between lead chloride and a Grignard reagent, 
must seem rather suspect, as has already been pointed 
out in part IA of this thesis (page ~ ). Since Krause3 
first isolated diphenyl- and di-£-tolyllead from the 
reaction of the appropriate G~ignard reagent and lead 
chloride in ether at 2°C, not only has this work never 
been repeated but all attempts by other methods.8 ' 9 have 
met with no success .• 
Gilman4 suggested that diphenyllead may be present 
in the reaction between lead chloride and phenyl lithium 
in ether at -10°c, but none was ever isolated. 
This present work began with the idea of preparing 
diaryllead_compounds by a method which would give 
rep.;roducible results. If it can be considered that 
diaryllead comp.ounds are thermally unstable, and quite 
reactive, then it will be appreciated that the best yields 
would be obtained at low reaction temperatures. It 
was thougllt that the use of tetrahydro1U.ran as· the solvent 
would enable these reactions to proceed at much lower 
temperatures, ensuring t11at any diaryllead compound 
would not decompose. 
It was also hoped that these reactions would help 
to explain the reaction mechanism involving the 
formation of diaryl and tetraaryllead co~ounds2 
e.g. 2RMgX -t:- PbCl2 
3R:aP'b 
2RsPb2 
Yb + MgXCl 
RsPb2 + Pb 
3R4Pb + Pb 
1. React!on of .~~e;yl Litnium with Lead Halides 
68 
The ease of cleavage of tetrahydrofur.an by phenyl 
~ithium necessitates that the solution is kept cold. 
Hence it was found more convenient to add lead chloride 
to the phenyl lithium solution, m1d not vice-versa. 
several reactions were tried, and it was fotL~d that even 
at -78°C reaction was complete, as signified by Colour 
test I, after a few minutes. The reaction products, 
from reactions in which a 2:1 molar ratio of pheny-l 
lithium to lead chloride was used, appeared to be green in 
colour, and on hydrolysis and extraction with benzene, at 
low temperature, only a pale yellow benzene solution was 
obtained. I"t was expected that if diphenyllead is 
formed in these reactions, then a de-ep red solution would 
be obtained. 
These pale yellow benzene solutions yield only a 
small quantity of hexaphenyldilead, generally not more 
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than 1 to 2%, although in one case a 20% yield was 
recorded. The majority of the lead is I'ecovered in some 
inorganic form, precipitated from solution on hydrolysis. 
This inorganic compound was later found to be an oxybromide, 
3PbO.PbBr2.(1-3H20), established by X ray powder photographs. 
The low recovery of organic material is puzzling, 
and it can only be concluded that phenyl gro~ps form 
a compound not easily isolated from the organic solvents 
used, the most obvious compound being benzene. In fact 
6% benzene was estimated by using an ultra-violet spectrum 
on a cyclohexan~ extract. The yield is low, and could 
be ascribed to the hydrolysis of excess phenyl lithium, 
even though Colour Test I was negative, since this test 
in tetrahydrof'Uran is known to be slightly less. sensitive 
than in ether. Another possibility is that benzene is 
washed out of the cyclohexane extract, which had to be 
freed from tetrahydrofuran by numerous water washings. 
In all experiments conducted with phenyl lithium in 
tetrahydrofuran, there was no evidence for the formation 
of lead. aence it is difficult to see how the formation 
of hexaphenyldilead is brought about, if the mechanism 
proposed by Krause2 is correct. 
calls for further explanation. 
Hence this point 
Gilman4 prepared triphenyllead lithium by the 
action of' phenyl lithium on lead chloride in ether at 
The mechanism suggested is 
2P11Li + PbC12 --~ Ph~b + 2LiCl 
PhLi + Phif'b ., · Ph3PbLi 
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and it is more than probable that the analogous reaction 
in tetrahydrof'uran would proceed at lower temperature, 
as f'ound in ~hese experiments. 
The problPm is now twofold:-
(1) ·How is hexaphenyldilead f'o~ed 
and (2) Why, ir an equilibrium is postulated between 
diphenyllead and triphenyllead lithium, . 
is no diphenyllead isolated. 
(1) It is difficult to see, if there is no formation or 
lead, how hexaphenyldilead is formed from any source 
other than triphenyllead lithium, and the following 
mechanism is tentatively suggested. 
Ph3PbLi + :rr~p Ph3Pblf + LiOii 
2Ph3Pbff Ph3pb. PbPh3 + R 2 
or 2Ph3PbH 
[O] ~ Ph3Pb. PbPh3 + H20 
There is also another possibility involving the formation 
o~ [Ph3Pb.PbPhJ 2- 2Li+. 
~h3Pb.PbPhJ 2-2Li+ + 2H20 • Ph3Pb.PbPh3 + 
2LiOH + H2 
Gilman's experiment was repeated, in ether, as for the 
preparation o~ triphenyllead lithium, although lead 
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bromide was used instead·o~ lead chloride. Atmospheric 
oxygen was rigorously excl~ded, and the product was 
hydrolysed in a vacuum apparatus. There was no production 
of hydrogen, and only a small quantity of hexaphenyldilead 
(0.1 g.) ·was isolatC(d. 
All identical experiment was performed, this time 
filtering off the grey suspe~sion. Hexaphenyldilead, 
in appreciable yield, was isolated on extraction of the 
solid with chloroform, after first washing with water in 
air. However a small quantity of hexaphenyldilead was 
also isolated from the filtrate, which was maintained under 
nitrogen. Hence it is difficult to draw any conclusions 
from these experiments. It would seem that the presence 
of oxygen is necessary, but in all experiments carried 
out in tetr~~ydrofuran oxycen was excluded. It is t1"Ue 
that only small quanti ties of hexaphenyldilead were 
j.solated (except in one case), and traces of oxygen may 
be sufficient for these small amounts. 
The situation is even more complicated,since it is 
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by no means certain that small Q.uanti ties of lead ~n-·e 
not formed cluring the reaction. Finely divided le-ad 
could Peact to gi ,re the hydl"•oxide or oxybl .. omide on 
hydrolysis. GilmRn suggests that a small qu8.£'1.tity of 
lead is formed in the reaction. If lead is formed then 
no Rrgtunent can be proposed against the mechanism 
suggested by Krause, 
other than the fact that it is difficult to imagine 3 such 
unstable molecules. r·eacting together at the same time. 
one point which was clarified,however,was the formation 
of large quantities of lead oxybrornide, 3PbO.PbBr2(:l...:3H20), 
not reported lJy Gilman. 
(2) If the postulation of an equilibrium, 
is correct, then addition of water should drive the 
eq,ui1ibrtlun to the left, as phep_yl lithium is hydrolysed •. 
If only 2 moles of phenyl lithitun are used to 1 mole of 
lead bromide then l"'eaction should stop at the diphenyllead 
stage, at low temperatul"'e. Krause3 reports that 
diphenyllead is stable to water. Since no diphenyllead 
is isolated, either diphenyllead is not stable to water, 
or the equilibrium between it ru1d triphenyllead-lithium 
does not exist. The evidence obtained in this and 
later sections points to the fact that diphenyllead is 
water sensitive. It is difficult to suggest a method 
other than the 1'1ydrolysis of diphenyllead, whereby lead 
oxybromides are formed, and this point is made clearer 
in the next section. It is also poss-ible that ano:trber 
stage to the reaction exists, 
i.e. 1. PhLi + PbBr2 PhPbBr + LiBr 
2. PhLi + PhPbBr ~ Ph2Pb ·+ LiBr 
3. PllLi +. Ph2Pb Ph3PbLi 
water hydrolysis of phenyllead bromide could also 
account for the presence of lead oxybromides. It is 
found that vn1en equimolar quantities of phenyl lithium 
and lead bromide or chloride react, approximately half' 
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the lead halide is recovered ttnreacted. This points to 
the reaction stopp.·ing at stage 2, or to a complicated 
equilibrium betwe~~ phenyllead bromide, diphenyllead and 
triphenyllead lithium. Evidence that the f'inal stage,. 
Ph3~Li, was reached in this reaction,was obtained when 
a 28% yield of benzyltriphenyllead was obtained on 
addition of benzyl chloride. 
It is tentatively suggested that there is co-existence 
of' various species in solution, in the low temperature 
reaction between phenyl lithit~ and lead halides. 
2. Reactions of Mesityl Magnesium Bromide with Lead 
Bromide 
The reactions of phenyl lithium in tetrahydrofuran 
point to the high instability and high reactivity of 
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diphenyllead, in as much as it was never isolated. Hence 
it was decided that the larger, more hindered mesityl 
group may cause an increase in stability of the diaryl 
compound; it has already been found3 that di-o-tolyllead 
is more stable than diphenyllead. r.n view of the low 
33 yields of mesityl lithium it was decided to use the 
Grignard compound in tetrahydrofuran. This involves. 
the use of much better reaction techniques, since, 
relieved of the necessity for keeping the acti v·e organo-
metallic solution cold, the Grignard solution could be added, 
dropwise, to a vigorously stirred suspension of lead 
bromide at -20 to -30°C. 
Addition of 2 moles of mesityl magnesium bromide 
to 1 mole of lead bromide produces an intense deep red 
colour. Hydrolysis causes the immediate discharge of 
this colour, and the precipitation of lead hydroxybrornide,. 
Pb(OH)Br or PbO.PbBr2.K20, confirmed by X ray analys-is .. _ 
The only organic material isolated was an oil, probably 
produced by attack of the Grignard reagent on solvent .. 
Addition of more than 2 equivalents of Grignard 
reagent to lead bromide leads to fading of the deep red 
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colour, and after addition of 3 to 6 equivalents the colour 
is orange to red-brown. Hydrolysis of this product 
results in the intermediate return of the deep red coloura-
tion, followed by its' discharge and precipitation of 
lead hydroxybromide. If the product from the addition 
of 6 equivalents of Grignard reagent to lead bromide is 
refluxed overnight,then small quantities of organo-lead 
compounds are formed. The analyses, although not good, 
point to tetr~esityllead, particularly since this melts 
at 210°C, whereas it is reported that hexamesityldilead 
0 lb decomposes above 3t5 c. 
Refluxing benzyl chloride with the product, from 
the addition of 3 equivalents of mesityl magnesium bromide 
to lead bromide, results in the formation of benzyltri-
mesi tyllead. 
The stability of species in the mesi tyl series ia. 
quite marked. Even in reactions where heating was: 
continued overnight, there was no sign of the formation 
of lead. 
These results are consist.ent with the following 
mechanism:-
1. MsMgBr + PbBr2 MsPbBr + MgBr2 
2. MsMgBr + MsPbBr Ms2Pb + MgBr2 
3. MsMgBr + Ms2Pb ._.-- Ms3PbMgBr 
Ms = 
The existence of an equilibrium between trimesityllead 
magnesium bromide and dimesityllead is postulated, 
since it fits with experimental observations and is. 
analagous to the diphenyllead-triphenyllead lithium 
system. Evidence for the presence of trimesityllead 
magnesium bromide is based on the formation of benzyl-
trimesi tyllead, 
and it is difficult to visualise any other mechanism. 
Addition of water to the ~eaction product, from. 
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the addition of 3 or more equivalents of Grignard reagent 
to lead bromide, results in the intermediate formation of 
the deep red colour, associated with the addition of 2 
equivalents of Grignard reagent to lead bromide. This 
suggests that the I'eaction is being driven back along the 
same path, i.e. indicative of an equilibrium. The 
discharge of the red colour is acc.ompanied by precipitation 
of lead hydroxybromide, Pb(OH)Br. Since it is difficult 
to envisage the hydrolysis of, Ms3PbMgBr, producing lead 
hydroxy bromide, it was thoughtthat mesityllead bromide 
was re.sponsible, 
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i.e. MsPbBr + H20 -~• MsH + Pb(OH)Br. 
This would mean that the red colouration is due to 
mesityllead bromide and not to dimesityllead. Hence 
either dimesi tyllead is not f'ormed (and it is hard to see· 
how a compound like trirnesityllead magnesium bromide can 
be f'ormed without postulating a dimesityllead intermediate) 
or dimest tyllead reacts pref'erentially with the Grignard 
reagent as soon as it is f'ormed. This hardly seems justi-
f'ied, since there is no good reason why dimesityllead 
should be more reactive thP~ mesityllead bromide. However 
it was :f'ound that lead hydroxi.de reacts with magnesium 
bromide in water;t.etrahydroful"'an solution to produce 
the more insoluble lead hydroxybrontide. Hence the most 
probable mechanism is that dirnesi tyllead is hydrolysed by 
water to lead hydroxide, 
2H20 + Ms2Pb ----~ 2 MsH + Pb(OH) 2 
and lead hydroxide reacts wlth halides in solution to 
give the hydroxy bromide 
Pb(OH) 2 + MgBr2 ----+" Pb(OH)Br + M"g(OH)Br. 
Mesi tylene was· isolated f'rom a reaction in whi.ch exces.s 
Grignard may have been present. Attempts to verif'y the 
presence of' mesitylene by the use of' ultra-violet 
spectrometry on a cyclohexane extract, met with no success 
due to the presence o~ impurities. However the 
presence of mesitylene would be expected from the 
hydrolysis o~ the Grignard reagent, 
i. e. Ms.2Pb + MsMgBr ~ lllls3PbMgBr 
An attempt was made to isolate dimesityllead, 
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in the absence of water, by addition of dioxane to 
precipitate all magnesht.m salts. Ethyl ac·etate was 
~irst added to the reaction products in the hope that this 
would result in the removal of all excess Grignard 
reagent from solution, thus driving the equilibrium to 
the left. The return of the red colour from the red-
bro\vn colour of the reaction products was not certain, 
ru1.d it may be that mesityl magnesitun bromide does not 
r•eact sui'ficiently well with ethyl acetate, even at 
room temperature. Addition of dioxane then caused the 
discharge of the red or red-bro~n colour, and the product 
ultimately o"btained was tetrnmesi tyllead together with 
magneeium impurities, which were still present. 
It is suggested that it may be profitable to repeat 
this experiment, since the purity o~ the dioxane \'laS 
questionable. However it rnay be found that the red 
colour will still disappear, sillce its l)resence may be 
d.ue to the dimesi tyllead-trimesi tyllead magnesium bromide 
system, and not to dimesityllead alone. In this case 
ppecipitation of maEnesium, by dioxane, would destroy 
the s;rstem and the coloul". 
5. Reactions of Phenyl Ma~nesiurn Bromide with Lead 
Bromide 
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The results of reactions between phenyl rnagnesiwn 
bromide and lead bromide at -25°0 s~1ow great similRri ty 
to those involving mesityl mat:;nesium bromide. Addition 
of Grignard to lead bromide shows the same colour 
changes,. 
i.e. yellow ___ ___., red -··---t red-brmvn. 
( 1 equi v. PhMgBr) ( 2 equi v. ) ( 3 or more equi v. ) 
Furthermore, an hydrolysis the red colour again retUI•ns 
momentarily, followed by it's discharge and precipitation 
of lead hydroxy bromide. 
i.e.. PhMgBr + PbBr:t --~ PhPbBr + MgBr2 
PhMgBr + PhPbBr Ph2P1J + MgBr 2 
EVen when 3 equivalents of Grignard reagent are used,. 
sufficient for the for.mation of triphenyllead magnesium 
bromide, lead hydroxybrornide (92%) is precipitated. 
it would be expected that the possible mechanism 
Heo..nce 
would have little ef'f'ect, since it is obvious that the 
water is reacting pref'erentially with the Grignard 
reagent. This is observed, since only small quantities 
of' he:::caphenyldilead are isolated, and it must be pointed 
out that this may be due to other causes. 
The complexity of' species in s:olution is borne out 
by experiments with benzyl chloride. Addition of' J. to 
3 equivalents of' phenyl magnesium bromide to lead bromide, 
f'ollowed by heating with benzyl chloride, results in the 
!'ormation of' benzyltriphenyllead. 
i.e. l. PhMgBr + PbBr2 _.._... x Ph3PbMgBr 
2. 3PhMgBr + PbBr2 .., 'j Ph3PbMgBr. 
Since, f'or the !'ormation of benzyltriphenyllead, the 
intermediate, Ph3PbMgBr, is postulated, then this compound 
must be present in solution in both cases (l and 2). 
1. 
2. 
3. 
PhMgBr + PbBr2 ----~~ PhPbBr + MgBr2 
PhMgBr + PhPbBr ---t 
PhMgBr + Ph2Pb 
Ph2Pb + MgBr2 
Ph3PbMgBr 
Furthermore when 1 equivalent of' phenyl magnesium. 
bromide is added to lead bromide (l mole) same 4~ lead 
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bromide is recovered unreacted. Hence it is clear that 
the immediate products, of the reaction between lead 
bromide and the Grignard reagent, react more readily with 
more Grignard than does lead bromide. Since only 
50% lead bromide reacts with 1 equivalent of Grignard 
reagent it would be expected that diphenyllead is. the 
ultimate product, 
PhMgBr + PbBr2 PhPbBr + MgBr2 
PhJ\((gBr. + PhPbBr ---11 Ph:al'b + MgBr2 .· 
and this would fit in with the expected reactivity of 
the species, PhPbBr. ~1ether the species Ph3PbMgBr is 
present in solution under these conditions. is not 
certain. Addition of benzyl chloride at -20°C produces· 
no benzyltriphenyllead, 1mtil the temperature is raised 
to reflux point. However, if this were true, no eq~ilibrium 
would exist (since there would be no free Grignard), 
diphenyllead would be isolated, and triphenyllead magnesium 
bromide would not be formed, even at higher temperatures. 
It is quite probable that benzyl chloride does not react 
with triphenyllead magnesium bromide at -20°c. 
An attempt was made to isolate any diphenyllead 
formed,by removal of tetrahydrofuran, and addition of 
methylene chloride to precipitate all inorganic salts. 
However the orange-red solid obtained from this solution 
still contained magnesium, and it is evident that 
triphenyllead magnesium bromide (probably as a T.H.F. 
complex) is soluble in methYlene chloride. 
In conclusion it can be said that the nature of 
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species present in solution, from the reaction of phenyl 
lithium and Grignard cornpouncls in tetrahydrofuran, is 
quite complex. It is suggested that experimental 
evidence points to a system in which at least two species·. 
are always present in SDlution, (i.e. diphenyllead and 
triphenyllead magnesium bromide in the case of phenyl 
magnesium bromide), whatever· the ratio of Grignard, or 
lithium compound, to lead bromide (although~ as ~he 
proportion of Grignard reagent increases, _the equilibrium 
will become more and more in favour of triphenyllead 
magnesit~ bromide). The evidence also corroborates· 
Gilman's postulation of the equilibrium:~ 
and its ex¢ension to the phenyl magnesiLL~ bromide and 
mesityl magnesium bromide series, hitherto unreported. 
It is tentatively suggested that no diorgano-lead compounds 
have been isolated due to this equilibrium, and the fact 
that the diorgano-lead compounds in these reactions, only 
exist because of such an equilibrium. Furthermore the 
experimental evidence points to the water sensitivity of 
the diorgano-lead compounds .• The idea or the existence 
or organa-lead halides is. postulated as a convenient 
first stage in the reaction. 
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84. 
EXPERIMENTAL 
In all experiments described in this section, 
stirring o~ lead halide suspensions was e~fected by-
means of a tantalum Wire Hershberg stirrer. The whole 
of the work was conducted under nitrogen, unless ~the~ 
wise stated. 
1. Reactions o~ Phenyl Lithium With Lead Chloride in 
Tetrahydroruran 
(I) Phenyl lithiuJ~was made ~rom bromobenzene (15.7 g., 
0.1 mole) in tetrahydrofUran (100 c.c.), and lithium Shot 
(approx. 0.5 g. atoms) in tetrahy.drofuran (50 c.c.) at 
0 
-65 c. After complete addition of the bromobenzene the 
deep red solution was stirred overnight at ~78°C, and 
filtered. 
Polythene tubing, normally used for ~iltrations 
under nitrogen, was not used here, since it is rapidly 
attacked by phenyl lithium in tetrahydrofuran. Instead, 
a length of gl~ss tubing, having a B.19 male joint at one 
end, was bent to form an L shape, and the tube was blocked 
with a small, quartz wool plug. The phenyl lithium 
solution was poured, and blown, through the tube, with a 
good stream o~ nitrogen, into one neck o~ a ~lask, having 
a counter-stream of nitrogen blowing from it. This: 
technique ~roved to be quick and convenient, resulting 
in no appreciable loss in yield of phenyl lithium, and 
was used throughout this work. 
A sample (2 c.c.) of the f'iltered solution was. 
hydrolysed in water and titrated with standard acid. 
Yield of phenyl lithilli~ = 0.092:mole (9~). Lead 
chloride (12.5 g., 0.045 mole), oven-dried and stored in 
a des~Ccator, was added in small amounts, over a period 
1" of 2' hour, to the stirred solution of phenyl lithium 
Af'ter the addition of lead chloride. was. 
completed, there was no apparent change in colour of the 
mixture, but on stirring for a few minutes at -40°c, it 
was noticed that the colour had changed to green. 
stirring overnight the green solution was hydrolysed 
with water, at -30°C, under nitrogen, and extracted with 
water and benzene. Tl1e yellow benzene extract was 
washed and dried, after filtering free from solid 
material. The benzene was pumped off, when a yellow 
solid (2 g.) was obtained. This solid was dissolved 
in benzene (10 c.c.) and added to ethanol (50 c.c.) under 
nitrogen. Colourless crystals of hexaphenyldilead 
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(0.4 g., 3%; decomposes 155°C; infra-red spectrum identi-
cal ,Nith that of known compound) wel"e obtained. 
Sot.•O 
c. fl.~ 1!10., 
1)101"-1()1:" 
01fC 
----------- -
The solid (12 g.),filtered off after hydrolysis, 
proved to be inorganic, containing lead, chlorine, ~.nd 
bromine, ru1d was insoluble in hot water. Addition o:f 
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dilute hydrochlor•ic ad.d produces lead chloride. 1.'hes·e 
facts are consistent with the formation of a basic lead 
halide on hydrolysis. 
(II) In a similar experiment, lead chloride (13.47 g., 
0.0484 mole) was added to phenyl lithium (0.088 mo1es) 
in tetrahydrofuran (150 c.c.) at -60°C. on warming to 
-40°C, it was found that the Gilman Colour Test I was 
negative. 
The solution was filtered tu1der nitrogen, keeping the 
temperature low with solid carbon dioxide (Fig • .,._ ) • The 
orange-yellow filtrate was divided into three parts .• 
Part I was allowed to warm up to room temperature. 
when a small quantity of a white solid was precipitated. 
On still further gentle warming (30 to 40°C) the still 
yellow solution decomposed, depositing lead. 
Part II was hydrolysed, as in the previous experiment. 
A yellow solid was produced, which was partly s:oluble in 
benzene giving an ore~ge-red solution, and partly 
inorganic, insoluble in benzene, and prestuned to be a 
basic lead halide, Bince lead chloride was produced on reac-
tion \nth hydrochloric acid. on standing at room 
temperature for about an hour, the orange-red benzene 
solution faded to a pale yellow colour, and a small 
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quantity of hexaphenyldilead (0.1 g., ( 1%) was subsequently 
isolated from this solution. 
Part III was maintained at -40°C, and benzyl 
chloride (1.27 g., 0.01 mole) in tetrahydrofuran (10 c.c.) 
was added. The mixture was stirred for 2 hours at 
-25°C, and then hydrolysed. No organic lead derivatives· 
were isolated. Only inorganic lead compounds, and 
unreacted benzyl chloride were obtained. 
(III) Lead chloride (24 g., 0.086 mole) was added, all 
at once, to phenyl lithium (0.086 mole) in tetrahydro-
furan (150 c. c.) at -78°C.. The mixture was stirred for 
10 minutes, when Colour Test I was negative. Stirring 
was continued overnight at -78°C, and then for two hours 
at -20°c. The product was filtered, with cooling, as: 
previously described, and chloroform (150 c.c. at -30°C) 
was added to the filtrate, which was then hydrolysed 'nth 
More water (approximately 300 c.c.) was 
added, keeping the temperature at -10°C, and the almost 
colourless, chlorof'orrn layer was separated, dried over 
anhydrous magnesium sulphate, and filtered under nitrogen. 
The chloroform extract was pumped at high vacuum, 
at a tenperature of between -10 to -20°c, 1mtil the 
volume had been reduced to about 30 c.c.s. The. 
colourless crystals so formed,were filtered off' under 
nitrogen, and were found to be hexaphenyldilead (1.5 g.) 
Found C 49.6% 
c 36H30Pb2 requires c 49.3% 
H 3.7% 
H 3 •. 45% 
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The remaining chloroform solution was added to cold 
ethanol (100 c.c. at -10°C), when a further quantity of 
hexaphenyldilead (1 g.) slowly crystallised from solution. 
Yield hexaphenyldilead = 20%. 
(IV) Lead chloride (20 g., 0.0718 mole) was added, all 
at once, to phenyl lithium (0.06 mole) in tetrahydrofuran 
0 (150 c.c.) at. -78 c. .A:f'ter 5 minutes Colour Test I was; 
negative, and benzyl chloride (4.2 g., 0.033 mole) in 
tetrahydrofuran (20 c.c.) was added over a period of 10 
minutes. 
The resulting mixture was allowed to come to roam 
temperature and then refluxed for 1.5 hours. The 
mixture was then grey-black in colour, evidently containing 
lead. After cooling, the products were hydrolysed with a 
large quantity of water and filtered in air. The solid 
residue was extracted with hot ethanol when triphenyl-
benzyllead (3 g., 28%) was obtained (m.pt. and mixed 
m.pt. 92.5°C). Extraction with benzene yielded tetra-
phenyll~ad (2.5 g., 32% based on phenyl; m.pt. and 
0 
mixed m.pt. 223 C). 
(V) Lead chloride (25.75 g., 0.0925 mole) was added to 
phenyl lithium (0.09 mole) in tetrahydrofuran (150 c.c.) 
0 
at -60 c. The reaction products were filtered cold, 
and the filtrate hydrolysed with water. 
unreacted lead chloride (13 g., 0.0466 mole 50.~) 
was isolated from the residue. 
89 
After hydrolysis the filtrate was again filtered, and 
extracted with water and cyclohexane. The solid (8.7 g., 
31.6%) was folmd to be a lead oxybromide, 3PbO.PbBr2.(1-3H20), 
by X r~ analysis. The cyclohexane was washed well with 
water to remove tetrah.ydrofuran, and an ultra-violet 
spectrum on the dried, and distilled, extract proved the 
presence of benzene (6%). 
2.~ Reactions of Phenyl Lithium with Lead Bromide in 
Ether 
(I) Phenyl lithium (0.1 mole) in ether (100c.c.) was: 
added slowly to a vigorously stirred suspension of lead 
bromide (12.2 g., 0.033 moles) in ether (100 c.c.) at 
-20°C, according to the reaction o:r Gilman, Summers, 
and Leeper. 4 The reaction products were filtered cold 
(Fig. ~ ), under nitrogen. The pale yellow filtrate 
was hydrolysed with water, When a pale yellow solid was 
precipitated. The solid proved to be a lead oxybromide, 
whilst the ether solution yielded hexaphenyldilead 
(0.4 g., 2.8%). 
The grey residue ;f'rom the reaction was opened to the 
air and extracted with hot water, when lead bromide 
(0.2 g.) was obtained. Extraction with chloroform 
yielded hexaphenyldilead (3 g., 20%), and the residual 
inorganic solid ( 5 g., 60%) was. :round to be a lead 
oxybromide, 3PbO.PbBr2.(1~3H20) (confirmed by X ray 
powder photograph). 
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(II) In a similar experiment, the product o:r reaction 
between phenyl lithium (0.1 mole) and lead bromide (12.2 g., 
0.033 mole), in ether (200 c.c.), was attached to a. 
standard vacuum apparatus, the ether de-gass.ed, and the 
flask evacuated o:r all gaseous material. A waterjtetra-
hydro:ruran mixture was condensed onto the reaction 
products, and the whole mixture left to attain room 
temperature. During the warming up of the flask, good 
stirring was effected by the ether boiling at low 
pressure. No gaseous products were obtained, which could 
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not be condensed in a liquid air trap. 
The products of hydrolysis were removed from the 
vacuum apparatus, under nitrogen, and filtered at 
room temperature. More water was added to the filtrate, 
and the ether layer separated, and dried. The ether 
ex~ract yielded hexaphenyldilead {0.2 g., 1.~) and a 
small quantity of diphenyl (0.1 g., m.pt. and mixed m.pt. 
70-71.5° C). 
The solid, obtaj.ned by the filtration was extract'ed 
with chloroform, under nitrogen. No organic material 
was extracted. The solid was then opened to the air 
and re-extracted with chlorofo~, when again no organic 
material was isolated. The grey sol~d was, in fact, 
found to be a lead oxybromide 3PbO.PbBr2(1-3H'20} by X ray 
analysis. 
3. Reactions.of Mesityl Magnesium Bromide with Lead 
Bromide 
(I) Mesi tyl magnesium bromide was prepared in the usual 
way from magnesium (2.6 g., 0.107 g. atoms) and mesityl 
bromide {19.9 g., 0.1 mole) in tetrahydrofuran (100 c.c.). 
After filtration., a sample of the Grignard solution was 
hydrolysed with an excess of standard acid, the excess 
being estimated by titration with standard s.odium hydroxide 
solution. 
Yield = 0.093 mole (93%) 
92. 
The Grignard solution was added dropwise to lead bromide 
(17.1 g., 0.0465 mole) in tetrahydrofuran (150 c.c.), 
under nitrogen, at -25 to -30°C. Addition of the first 
drop produced a localised deep red colouration, which 
quickly dispersed, producing a uniform pale yellow colour. 
This colour deepened as addition proceeded. r·t was 
noticed that if the rate of addition was increased then 
the deep red-brown colour persisted imtil addition was· 
stopped, when the yellow colour quickly returned. on 
completion of the addition of Grignard, the colour was 
deep red. 
The reaction products were filtered until nitrogen, 
keeping the temperature below -20°C, as previously 
described in section 1. The de-ep red filtrate was 
hydrolysed carefully with water, when it was found that 
the deep colour was instm1tly discharged, \rlth the first 
few drops of water, producing a cream white precipitate, 
and an almost colourless supernatant solution. Chloroform 
and more water were added and the whole mixture filtered. 
The PI'ecipi tate (11 g., 78%) was found to be a 
lead hydroxy bromide, Pb(OH)Br, or PbO.PbBr2.H20, by X ray 
identification. It was found that the X ray powder photo-
graph corresponded exactly with that of the listed standards. 
Furthermore lead bromide {61.8%) was crystallised from a 
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dilute nitric acid solution (PbO.PbBr2 .H20 requires 62% lead 
bromide; PbO.PbBr2 .H20 + HN03 ~ PbN03 + PbBr2 ). 
The chloroform extract yielded a dark coloured, 
viscous oil (0.8 g.). This was distilled in a micro-
distillation apparatus, when a clear pale yellow distillate 
(B.pt 100°C/0.1 mm) was obtained. The in:fra-red spectrum 
of this oil was consistent with the product expected fr.:>;.J 
attack of mesityl magnesium bromide on solvent, 
However no good analysis could "be obtained. 
]'ound C 75.8% H" 10.3% 
H lO.&;t 
No other organic c.ornpounds v.rel"•e i solat;c~d from this reaction. 
Unreacted lead bromide (0.1 g.) and some inorganic lead 
salt, which yielded lead bromide (2.2 g.) on treatment with 
dilute hydrobromic acid, ·were isolated from the residue of' 
the reaction, obtained "by filtration "before hydrolysis. 
(II) A repeat experiment under the same conditions gave 
approximately the same results, i.e. 
1. 
2. 
3. 
4. 
organic oil 
lead hydroxy bromide 
unreacted. lead bromide 
p~oduct yielding lead bromide 
on treatment with hydro-
bromic acid 
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1.4 g. 
.11 g. 78fo 
0.9 g. 
1..8 g. 
(III) Mesityl magnesium bromide (0.187 mole) in tetra~ 
hydrofUran (200 c.c.) was added slowly to a vigorously 
stirred suspension or lead bromide (11.4 g., 0.031 mole) 
in tetrahydrofuran (60 c.c. ), under nitrogen, at a. 
temperature of between -20 to -25°c. After addition of 
approximately 2 equivalents of Grignard, a deep red colour 
was observed, which gradually faded on addition of more 
Grignard. The final colour, on addition of 6 equivalents· 
of Grignard, was orange-red. 
The produc:ts·. of' this reaction were filtered cold, as· 
before, and the filtrate divided into two pabts. 
Part 1 .• was hydrolysed at -20°C with water, and 
tl"eated as in the first experiment of this sec~tion. 
Lead hydroxy bromide (5.31 g.) contaminated with 
basic magnesium halides was isolated. 
lead content = 4~. 
Pb(OH) Br requires 68% lead. 
i.e. this product is 66% pure. 
I 
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The ether extract of the filtrate yielded mesitylene 
(2 g., infra-red identification). 
Part 2 was refluxed for 3 hours whe-n no apparent change 
was observed. This solution was divided into 2 
parts: 
(a) The first part was hydrolysed with water, wheR 
the pale orange-brown colour changed to deep red,. 
and then to pale yellow, with precipitation of a 
cream-white solid. This solid proved to be an 
inorgardc lead compound, similar to lead hydroxy 
bromide but not identical; it was presumed to be 
one of the many basic lead halides. 
Extraction of the filtrate with ether produced 
a pale yellow solid, and a further small quro1tity 
was extracted from the inorganic precipitate with 
chlorofor.m. This yellow solid (1 g.) was organic, 
contained lead, and could not be crystallised. 
After precipitation from acetone it had a melting 
point of 210-218°C, with decomposition, and its• 
infra.-red spec.trum was cons:i,stent with a mesityl~ 
lead compound. 
(b) The second part was hydrolysed \nth alcohol~ 
when the initial white precipitate redissolved on 
addition of more alcohol. A clear yellow s·.olution 
was produced. on adding water a white solid was· 
precipitated from solution. The products were· 
filtered, and the solid proved to be another basic 
lead halide, not the same as the previous sample, 
and not lead hydroxy bromide. The chloroform 
96 
extract of the filtrate produced a pale yellow. 
solid (2 g.), which had an infra-red spectrum 
almost identical with that obtained in the previous 
Analyses of these cam-
pounds were unsatisfactory. 
i.e. 
II 
(IV) Mesityl magnesium bromide (0.135 mole) in tetrahydro-
furan (150 c.c.) was added to lead bromide (16.5 g., 0.045 
mole) in tetrahydrofuran {50 c.c.) at -20°0. Benzyl 
chloride (6 g., 0.0475 mole) in tetrahydrofuran (20 c.c.) 
was added to this reaction product. After allo~~ng the 
mixture to come to roam temperature, the products were 
refluxed overnight. There was no precipitation of leadp 
and, on cooling the clear yellow solution, long needle 
crystals, presumably a magnesium halide-tetr~ydrofuran 
complex, were obtained. 
water was added, when the crystals were found to 
dissolve. The solution was extracted with benzene, 
and the dried benzene extract pumped under high vacuum • 
.1. semi-solid, glass lilte material, containing lead, was 
obtai.ned. This solid was soluble in petroleum ether, 
chloroform, benzene, hexane, carbon tetrachloride, and 
somewhat less soluble in ethanol and methanol. All 
attempts at crystallisation resulted in the production of 
the same semi-solid material. 
Attempted distillation of this compound resulted 
in decomposition to lead at 160-180°C/0.001 mm. 
The infra-red spectrum showed a close similarity to 
that of the suspected tetramesityllead, previously isolated. 
FUrthermore, there was additional evidence of the presence 
of - CH2- group-s. 
Found . C, 62.3%; H, 6.~ 
Trimesitylbenzyllead, c.36H40Pb, requires C, 63.~; H, 6.~ 
(V) Mesityl magnesium bromide (0.1 mole) in tetrahydrof'uran 
(150 c.c.) was added to lead bromide (12.2 g., 0.033 mole). 
Ethyl acetate (2.94 g., 0.033 mole) in tetrahydrofu:ran 
(50 c.c.) was added to the red-brown product, and stirred 
over.night at 0°c. 
Atter filt~ation, the tetrahydrofuran was removed 
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using a high vacuum pump, and dioxane (100 c. c.) was: 
added to the sticky red-brown solid. The red-brown 
colour faded, leaving an orange dioxane solution and an 
off-white s.olid containing magnesium. The filtered dioxane 
solution was pumped with a high vacuum pump, when a soft 
sticky solid was obtained. This material was extracted 
with hexane, giving an insoluble yellow sOlid, partly 
organic, ·and containing lead and magnesium. The clear 
orange hexane solution was pumped down leaving a low 
softening orange solid, which on purification with 
ethanol had an orange-yellow colour, with a melting point 
The infra-red spectrum was consistent with 
tet.ramesi tyllead, and a molecular weight determination 
in benzene save· the result as 695 (tetramesityllead has: 
m.wt. 684). 
4. 
Found Pb 29.8%; C, 59.7%; ff, 6.4% 
React.ioi_!!L£f Phenyl Ma~esium ~omide w1 th · 
Lead H ides: 
Phenyl magnesium bromide (0.2 mole) in tetrahydro-
furan was added to a vigorously stirred suspension of 
lead chloride (42 g., 0.15 mole) in tetrahydrofuran (50 c.c.), 
The products were stirred overnight at -78°c~ 
and the resultant yellow-green solution was extracted 
with benzene and water, and filtered under nitrogen. 
The precipitate was found to correspond to a mixture 
of' lead hydroxy bromide and chloride (X ray evidence.')'.. 
The benzene extract yielded a small quantity, ( 0.1 
g.) of' hexaphenyldilead. 
The product of reaction between the Grignard and 
lead chloride decomposes to lead on standing for long 
periods at 0°C, and on standing at room temperature over-
night. 
(II) Phenyl magnesium bromide (0.15 mole) in tetrahydro-
furan (120 c. c.) was added to lead bromide (18.35 g._, 
0.05 mole) in tetrahydrofUran (50 c.c.) at -20°c. The 
colou~ of the products pasae4 through a deep red stage 
(at approxtmately 2 equivalents Grignard) to a final yello~ 
brown colour. The mixture was allowed to warm up to ..;,10°C, 
and hydrolysed with water. It was found that the slow 
addition of water, caused the colour ~o return, momentarily, 
to the deep red colour observed during the addition. 
The products of hydrolysis were filtered under 
nitrogen, and the filtrate extracted with benzene and water. 
The white solid residu.e, which contained no organic material, 
was found to be lead hydroXY bromide (14 g., 9~,based 
on lead) by X ray analysis. 
The dried benzene extract yielded a small quantity 
(0.1 g.) of tetraphenyllead (rn.pt. and mixed m.pt. 
~34-236"°C. corr.) on evaporation •. 
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(III) Phenyl magnesium bromide (0.162 mole) in tetrahydro-
furan (150 c.c.) were added to lead bromide (19.98 g., 
0.0545 mole) in tetrahydrofuran (100 c.c.) at -20°C. 
:senzyl chloride (6.7 g., 0.053 mole) in tetrahydrofuran 
(20 c.c.) was added to the re~ction product. After 
warming to room temperature the reaction mixture was 
refluxed over~night. Some decomposition to lead occurred" 
and the lead (3.6 g., 32%) v1as filtered off. Benzene 
(100 c. c.) was added to the filtrate, which w·as then 
hydrolysed '>'Ji th water producing a white solid. 
This white solid was filtered and extracted with 
chloroform, when tetraphenyllead (6 g., m.pt. l:l.nd mixed 
- 0 ) m.pt. 233 c. corr. was obtained. The remaining solid 
(0.9 g.) was inorganic, and found to be lead hydroxy 
bromide. 
Evapo::."'ation of the benzene extract yielded a further 
c1uanti ty of organa-lead compotmds. Atter extraction 
with alcoi1ol, and recrys:talli sat ion from alcohol, benzyl tri-
pllenyllead ( 2. 5 g., 9%; m.pt. and mixed m.pt. 92.5° c) was· 
obtained as a crystalline solid. A further qur~tity of 
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tetraphenyllead (1 g.) was also isolated. Total 
.. 
yield tetraphenyllead = 7 g. i.e. 33% (based on phenyl). 
(IV) The above experiment was l"epeated with phenyl 
magnesium bromide (0.1 mole), lead bromide (36.7 g., 0.1 
mole), and benzyl chloride (5.06 g., 0.04 mole). After 
addition o~ the Grignard to lead bromide the reaction 
products were brtght yellow,. and, a~ter filtration, 
the ~iltrate was orange-red, and the residue white. Benzyl 
chloride was re~luxed with the filtrate overnight. 
Recov.ered:- tetraphenyllead 8.5 g. 65% Yield 
benzyltriphenyllead 1.5 g. 8.5% 
lead 2.5 g. 
unreacted lead 16.7 g. 
bromide 
other inorganic 5.3 g. 
lead salts + 
lead 
(Yields based on phenyl) 
(V) Magnesium bromide, ~r·om ethylene dibromide and 
,· 
magnesium in tetrahydroful"an., was shaken, in tetl"ahydro-
furan/water solution, with an equimolar quantity of lead 
hydroxide (~ram lead nitrate and ammonia). It was found 
that lead hydroxy bromide was ~armed (X ray evidence). 
i.e. Pb(OH)2 + MgBr2 -__.~ Pb(OH)Br +. Mg(OH)Br 
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(VI) Phenyl magnesilun bromide (0.1 mole) in tetra-
hydrofuran (100 c.c.) was added to a vigorously stirred 
suspension of' lead bromide (18.35 g., 0.05 mole) in 
tetrahydrof'uran (50 c.c.), under nitrogen, at -25°C. 
Tetrahydrofure~ was removed under vacu1un from the orange 
solution, dry, cold methylene chloride was added, and 
the resulting orange solution filtered. Methylene 
chloride was removed f'ram the filtrate at 0°C under 
vacuum, when an orange-red solid, containing lead and 
magnesium, was obtained. 
Addition of benzene produced two layers, one a yellow-
orange layer containing lead and m~gnesium, and a deep 
red layer, which, on removal of benzene under vacuum, 
produced a dark coloured, sticky solid. This dark 
coloured solid still containea lead and magnesium, deco~ 
posed to a yellow powder in air, and addition of water 
produced lead hydroxy bromide and a small quant.i ty of 
hexaphenyldilead. 
PAR'!' 2: 
THE CHEMICAL REACTIONS OF ALKALI METAL AROMATIC 
COMPOUNDS· 
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SUMMARY 
The reaction of a unique type of alkali-metal aromatic 
cornpolUld, potassium graph! te, with various organic halides. 
is described. 
Potassium and graphite form a series of compounds2 , 
KC8 , KC24 , Kc36.,, KC48 , Kc60 , in which potassium atoms 
are accommodated interstitially in the graphite layers. 
In nearly all reactions the compound, Kc8 ,was used• 
with a view to determining, 
and 
Reaction 
(1) the order of reactivity 
(11) whether the reaction products differ 
from those expected from a normal WUrtz 
reaction. 
with the following halides is described:-
(1) the phenyl halides,. 
(ii) benzyl chloride and benzyl bromide, 
{iii) o<-chloroethylbenzene, diphenylchloro-
methane, and triphenylchloromethane, 
(iv) genzoyl chloride, 
and (v) dipropylboron chloride and triphenyltin 
bromide. 
' The reaction products do not differ significantly 
f'rom those expected from a normal WUrtz reaction. .All 
I04 
products are consistent with the formation of free 
radicals, either directly or via an intermediate o~gano-
RX +. K R• + KX 
potassium compound, RK. In same cases the products 
could be accounted for without postulating the pres:ence 
of free radicals. 
Reactions With benzoyl chloride and triphenyltin 
bromide are described,in which organic material may be 
strongly attached to the residual potas:sium graphite 
structure, either as benzoyl and triphenyltin radicals~ 
or, in the case of the tin compound, as~ [ Ph3sn-sn-PhJ --2K++. 
An interesting steric e~fect, produced by the 
graphite layer structure, is demonstrated by the compara-
tive reactivities shown by the phenyl halides, and other 
organic halides, towards·. potass"ium graph! te. The 
relative rates of reaction are 
PhCl >) PhCH2Cl >> Ph2CHC1 
and PhF < PhCl > PhB·r > Phi 
A steric factor is also demonstrated by the reaction 
of the phenyl halides, in solution, with potassium shot, 
whereby the normal sequence of reactivities is reversed; 
i.e. the relative rates of reaction are::.:.: 
PhF > PhCl ) PhBr ) Phi 
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INTRODUCTION 
Alkali metal-organic compounds can be divided into four 
groups. 
(~) Lithium compounds, which, although predominantly 
covalent in nature, have a partial negative charge on 
the organic radical, resulting in high reactivity, 
(I"I) Organic derivat.ives of the other alkali metals,in 
which there is no means whereby the negative charge 
on the organic radical can be delocalieed. The 
resulting localisation of almost a full n.egati ve 
charge on the organic radical, is the seat of the 
intense ~eactivity of these compounds, e.g. - + c6H5 Na. 
(III) Derivatives of the alkali rnetals,in which there is 
no localisation of the negative charge on the carban-
ion, e.g. [c6H5cw2J.:...Na+, .[Ph2C•CPh2]=Na2++ 
(IV) Derivatives· of the alkali rnetals,in which there 
is no localisation of negative ch:arg·e on the carbanion, 
and in which the alkali metal is not substituted, or 
added onto a double bond. There is simply an electron 
transfer from the metal to the organic molecule, 
e.g. [c6H5-c6H5] -Na+, sodium diphenyl. 
This present work involves the reactions of a cam-
pound, potassium graphite, in which there is electron 
transfer from the metal to the graphite layers. Hence 
potassium graphite may be regarde~ as belonging to this 
last type of alkali metal-aromatic compounds •. 
I06 
Graphite crystallises in a layer lattice structure, 
in which each layer is separated by a distance of 3.355i. 
Each layer is a regular sheet of linked hexagons, in which 
each ea,:'bon:,atom is linked by a strong covalent type bond 
to its three neighbours, all carbon-carbon bond distances 
within the layer being 1.41R. The electrons representing 
the fourth vale~cy of the carbon atoms are not localised 
in any definite bond, but are shared by the whole layer, 
as is the case of the TT electrons in large aromatic 
molecules. ~lese electron sheets explain the high 
electrical conductivity of graphite. The weakness of the 
interlayer bonding explains the reason why graphite for.ms 
a la~ge number of intercalation compounds, in which the 
interlayer spacing can, if needed, be extended from 3.355 
to 10 or 11R. 
Graphite forms two types of intercalation compounds;:-
(I) In which the intercalated atoms are linked by strong 
homopolar bonds. In this case the intercalate€! atoms 
are not easy to remove, and,if this were possible, it 
would result :in the breakdown of the graphite structure. 
Examples of this type are graphite oxide and the 
graphite-fluorine compounds:. 
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(II) In which the intercalated atoms are linked by 
polar bonds. The majority of graphite compounds, 
including the alkali metal compounds, fall into this 
class. Here it is comparatively easy to remove the 
foreign atoms and regain the graphite structure. 
Other examples of this type are the halogen compounds 
(not fluorine), the metal halide compounds·, and the 
graphite salts. 1 
Graphite reacts readily with the alkali metals, 
potassium, rubidium, and cesium, in the molten or vapour 
state, to produce graphi te.-alkali metal compounds. 
I 
Fredenhagen et a12 obtained compounda differing in colour 
according to the temperature and vapour pressure of the 
metal. The first compound corresponded to a formula 
Mc8., and was said to have a bronze-red colour. On heat-
ing it was found that metal is lost and a steel blue pro-
duct is obtained. on further heating all the metal can 
be distilled off, leaving graphi.te. 
The composition of the blue compound was, at first, 3 
thought to be Mc16 , but it was later shown,
4
•
5 by X ray 
data and analysis, that the composition is, in fact, MC24• 
6' This result was supported by the work of Herold, who 
found that sudden breaks in the curve of temperature 
against composition, for the potassium-graphite system, 
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indicated the existence of KC8 , Kc24 , and KC40• 
The following range of compounds was obtained by 
Rndorff and Schulze:-4 
MC8 , MC24 , MC36 , MC48 , MC60 
IC6 
The structure of the MC8 compounds (Fig. 1), involves 
the intercalati.on of metal atoms, between each graphite 
layer, in the· forin of a triangular net, of edge 4.9l.R,. 
(Fig. 3a) exactly twice that of the hexagonal "a" axis 
of the carbon net. Furthermore the stacking, sequence 
of layer planes changes from .AB.AB, in graphite itself, 
to AAAA, resulting in each metal having 12 carbon atoms 
equidista~t from it. 
The compound, MC~•~t- (Fig. 2 ) , has only alternate 
interlayer spacings occupied. It is now easy to under-
stand how a formula, Kc16 , is arrived at, since occupation of 
alterna.t.e layer spacings would give this formula. However 
in MC24 every third metal atom is removed from the 
triangular net, resulting in the formation of a hexagonal 
net, (Fig. 3b). 
In the remaining compounds described, MC36 , Mc48 , and 
Mc60 , in which the formulae are whole number multiples 
of c12 , (M being constant), this hexagonal network is. 
present, but more interlayer spacings are unoccupied (Fig. 2). 
Whilst potass-ium, rubidium, and cesium enter the 
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lattice very readily, sodium and lithium do not appear 
to form the same type of compounds. Fredenhagen2 found 
that sodium reacts with soot bUt not with graphite. 
H6rold7 managed to intercalate sodium with cesium, using 
a sodi~cesium alloy, but the ratio of sodium to 
cesium was only 0.12. Recently Asher and ~VilsonB obtained 
a deep violet compound corresponding to a composition, 
c64Na, by heating sodium and graphite in a glove box, under 
a helium atmosphere. 
Herold reports that heating lithium with graphite 
at 500~c,the ultimate product is the carbide, Lic2 , but 
at intermediate stages, yellow products result, Which 
give hydrogen as well as acetylene on hydrolysis with 
water. However no definite interstitial lithium compound 
has been reported. 
The bonding in graphite-alkali metal compounds can 
be considered as intermetallic, with a limiting structure 
of M+ graphite: This is evident in the great increase in 
electrical conductivity as metal atoms are intercalated,9 
i.e. as electrons are added to the conductin,g·pands. of the 
graphite layers. 
Although a considerable amount of physical data has 
been obtained, little attempt has been made to investigate 
the chemical reactivity of these compounds. They react 
IIO 
vigorously with water to give hydrogen, potass.ium hydroxide, 
and graphite; no acetylene is ~armed, i.e. they are not 
acetylides. The compounds MC8 spark in the air, and 
lower compounds sometimes generate suf~icient heat to 
make the whole mass glow. This air sensitivity makes it 
neces;sary to handle these compounds in nitrogen. 
Reaction with liquid ammonia produceB compounds of 
the type, c12M·(~)2 , 
Similar compounds are formed with methylamine and other 
amines. The interlayer spacing in these compounds is 
determined by the amine and not the metal. The spacing 
in the compottnds containing arrmonia is approximately 6.6R 
for all the metals. Sodium and 11 thimn form these 
compounds, from graphite and a solution of the metal in 
liquid amine. 
The only organic reactions reported are the polymerisa-
tion of ethylene and the alkylation o~ certain aromatic 
:liO hydrocarbons. Podall and Foster· found that ethylene 
is polymerised, under pressure, and at a temperature of 
300°C,by potassium graphite, Kc8• It is suggested that 
this is due to the intermediate formation of ethyl 
potassium. Ethyl potassium is ~or.med from diethyl zinc 
and potassium graphite, 
__ ...... ,  EtK 
KEt3Zn 
When aromatic hydrocarbons were used as solvents in 
these polymerisation experiments, alkylation of the 
I TT .I. ..I. 
benzene nucleus occurred, giving a variety of substituted 
benzenes. 
No other reactions involving alkali metal-graphite 
compounds have been reported. This present work deals 
with the reaction of potassium graphite with various 
organic halides. 
---~~-~-. ---.~.-· 
DISCUSSION 
The present work began with the idea that the no~al 
course of the wurtz type of reaction might be modified, 
if the reaction between potassium graphite and organic 
halides occurs essentially at the graphite surface. For· 
example, whereas a diorgano-boron halide reacts with 
potassium to give mainly the triorgano-boron21 and degrada-
tion products, potassium graphite may react to give a 
tetraorgano-diboron, RgB-B~, if the reaction were modified 
by the graphite surface. 
Since no data is available on the reaction of 
potass·ium graphite with organic halides·, it was decided, 
initially, to investigate the reaction of various. organic 
halides with potassium graphite, with a view to determining 
(i) the order of reactivity 
and ( ii) whether the reacti0n produc-ts differ 
significantly from those expected 
from a normal wurt~ reaction. 
(1) Order of Reactivity 
The first reactions were carried out with benzyl 
chloride, and benzyl bromide, in methylcyclohexane. It 
was found, using a concentration 0f potassium equivalent 
to KC8 , and a molar ratio of potassium to halide of 
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approximately 3:·1, that 50}b of the benzyl chloride was. 
recovered, unreacted, after refluxing for 64 hours. This 
is a comparatively slow reaction, and it may appear that 
the graphite is merely acting as a diluent in the 
reaction. 
M1en this reaction was repeated using chlorobenzene, 
it was immediately noticed that reaction appeared to 
take place far more quickly. As a purely visual aid in 
estimating the extent of reaction, the blackening of the 
bronze colour of' KC8 proved to be quite useful. In the 
experiment w1 th potas·s·i urn graphite it was fonnd that 
the !'ormation of' the blue-black colour of Kc16 (actually 
a mixture of KC8 and KC24) appeared to be complete·· in 
only 3 hours. 
These observations were verified in later experiments,, 
and are quite surprising. It would be expeeted that 
benzyl chloride, with a C-Cl bond strength less than that 
of chlorobenzene, would react more rapidly. 
D.PhCH2-Cl 
D.Ph-Cl 
68 K.cals/rnole14 
85.6 K.calsjrnole. 
It is clear that some considerable steric effect must be· 
present, and that this must be due to the structure of 
~otassium graphite. 
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To clarify the situation a series of rate deter-
mination reactions was completed, using chlorobenzene, 
benzylchloride, ~-chloroethylbenzene, diphenylchloro-
methane, and triphenylchlorameth,6e. It must be pointed 
out that no attempt was made to measure absolute 
reaction rates. Indeed, it is doubtful if the simple 
experimental techniques used would lend themselves to 
accurate, absolute determinations. However the reaction 
conditions were duplicated as faithfully as possible, 
in each experiment, so that comparative reaction rates 
were as· accurate as: poSJS;ible. It is noted that loss 
of solvent (B.pt. 100°0) must occur to some extent, on 
prolonged refluxing, even using a good water condenser, 
thus altering the h"ilide concentration. However the 
important results are so striking in their differences., 
that it is unlikely that the probable los:s of solvent has: 
any signific&lce. 
The results are summarised on page l~b, and show the 
striking difference in the reactivities of chlorobenzene 
and benzyl chloride. As expected, diphenylchloromethane 
reacts even more slowly than does benzyl chloride; 
i.e. the reactivity PhCl > PhCH2Cl >Ph2CHCl. 
The case of o<.. -chloroethylbenzene must seem somewhat 
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anomalous, since, although initially it reacts more 
slowly than the smaller molecule, benzyl chloride, the 
results suggest that the rate of reaction increases, and 
in the later stage-s it reacts more quickly than benzyl 
chloride. A possible explanation may be found in the 
fact that polystyrene is isolated from this reaction in 
80% yield, hence it is possible that a dehydrohalogena-
tion reaction takes place, as well as a dehalogenation 
reaction. If the dehydrohalogenation reaction is slow 
to start, but then proceeds quite rapidly, then this 
would offer some expl~ation for the results obtained. 
The reactivity eXhibited by triphenylchloramethane 
also does not fit in with the postulated steric ef£ect. 
This large molecule should react very slowly with 
potassium graphite, but in fact it reacts more rapidly 
than does diphenylchloromethane. However the stability 
of the triphenylmethyl radical is such that it may well 
outweigh any steric considerations. 
the type 
RX ~ K R• + KX 
In a reaction of 
the rate of reaction may be governed by either 
(i) the strength of the R-X bond, 
or 
{ii) the stability of the radical R•, 
(iii) the acc·essi b111 ty of the potassium to 
the halide. 
II6 
Only in the case of the triphenylmethyl radical does the 
stability of the radical appear to outweigh the steric 
effect. 
The nature of the steric effect, itself, is probably 
fairly obvious. In potass·ium graph! te, the graph! te 
layers are 5.41R apart, and the potassium atoms (or 
ions) are screened by the graphite layers. Hence the 
halide must attack, via the edgea of the layer planes of 
the graphite crystal. This, in itself, would offer same 
hindrance to reaction, but otber factors may well contri-
bute to produce a substantial steric effect. 
( 1) Access to the potassium ions, further fran: 
the surface, may be inhibited by adsorbed, or 
bonded, organic reaction products. There is 
no reason to suspect thnt potass.ium halides, 
formed in tlle reaction, are intercalated, thus 
blocking further reaction. No potassium halide 
intercalation compound has, in fact, been reported, 
and it is unlikely that the temperature of these 
reactions would be high enough for the formation 
of such a compound. 
' 
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(ii) It has: also been suggested15 that when 
an intercalated atom is leached out, near the 
edge of the graphite crystal, the interplaner 
distance reverts to about the value of' graphite: 
itself, before the reactant can penetrate into 
the crystal, and before the intercalated cam~ 
pound can dif~se out. This is evident in the 
heterogeneity of' le·ached preparations, in which 
the crystal is composed of' undecomposed material 
surrounded by a thick skin of graph~te. 
It will be appreciated that the steric 
hindrance caused by such a phenomenon would be 
• 
considerable. 
Experiments were also carried out with tne phenyl 
halides, and the results, summarised on page~~~. Show 
that halide size influences the reaction rate. The· 
relative rates of reaction are: 
Phi < PhBr < PhCl > PhF. 
The result, that reaction proceeds more rapidly with 
chlorobenzene than with fluorobenzene is not very conclu-
sive. They do react at comparable rates, and it may well 
be that at this point the greater bond strength of the 
C-F bond, and the greater steric effect, caused by the 
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larger chlorine atom, tend to balance. 
In order to compare these results vdth the reactivi-
ties shown towards potassium, similar experiments were 
carried out with the phenyl halides, and benzyl chloride, 
and potassitun shot. It was found that, with the halides 
in solution and :potassium in a fine sl1ot form, the rela-
tive reacti viti es were found to be quite the r•everse of 
those quoted in text books·, 
i.e. Phi < PhBr < PhCl < PhF. 
Since the bond strength, C-X, certainly decreases f'rom 
fl1lorine to iodine, some inhibition process must occur. 
In a heterogeneous reaction of this type, it is·. 
difficult to imagine any significant inhibition process 
other than the coating or the potass:ium shot with 
potassium halide. The reaction rate is then dependent 
on penetration or this halide layer, or its removal 
by vigorous stirring. Tnere seems to be no reason why 
one potassium halide should be removed, from the potas·sium 
surface, more quickly than another, and hence it seems 
that the most likely factor is the penetration of the 
halide coating. This would then explaj_n the results 
obtained, for it would be expected that the larger phenyl 
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iodide would have the greatest dif'f'iculty in penetrating 
the halide coating, and the smaller f'luoride the least 
dif'f'iculty. 
Hbwever it was f'ound that benzyl chloride does, in 
f'act, react slightly more rapidly wi t11 potassium, than 
does chlorobenzene. This emphasises the steric ef'f'ect 
produced by the graphite layers in potassitml graphite, 
as previously described. 
(2) Reaction Products 
To summarise this section, it can be said that the 
products of' reaction are ess:entially those expected f'rom 
the reaction of' potassium itself', either by the direct 
production of' f'ree radicals, 
i.e. RX + K R• + KX 
or by the production o:f an intermediate organo~potassium 
compound. 
A brief discussion on f'ree radicals is presented in 
Part I of this thesis (p.age 13 ) and no attempt will be~ 
made to enlarge on this here. 
Bryce Smith16 concludes, from experiments with alkyl 
halides and alkali metals, and their organo compounds·., 
that the no~al course of the WUrtz reaction in solution 
is via the organo-metal derivative, 
i.e. (1) 
(2) 
(3) 
RI + 2M 
RM + RI 
2R• 
---+• RM + MI 
2R• + MI 
-~ R•R 
R(-H) + R(+H) 
(4) R· +. solv ---. RH + solv• 
(5) RM + RI _ ___., R-R + MI 
(6) RM of- RI R(..;H) + R(+H) +MI 
!20 
Evidence is presented16 to show that free radicals are 
only produced to any appreciable extent when lithium is 
used, and -then by reaction a .. When sodium and potassium 
are used the normal course of the reaction is via 5 and 
6. 
In the present work no attempt was made to find out 
if the reaction proceeds via a potassium-organa compound 
or by the direct production of free radicals. The work 
of Bryce-Smith would seem to point to the intermediate 
formation of' an organo-potass;ium compotmd. However it 
must be borne in mind that the work of Bryce-srni th was 
confined to the alkyl series. vmen the more resonance 
stabilised, aromatic radicals are used (e.g. benzyl), 
it migl1t be expected that the direct production of' fre-e: 
radicals plays a more prominent role. 
The corresponding gas phase reactions:17 do involve 
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the production of free radicals, unlike the WUrtz reactions 
in solution. Bryce-smith suggests that in the gas phas:e , 
free metal atoms, at high temperature and low pres:sure, 
are not so likely to capture free radicals, as is the 
case with bulk metal in solution (Bryce-smith used metal 
wire). In potassium graphite, potassium ions are 
dispersed uniformly in the graphite lattice, so that there 
is no bulk metal present. In this case it may be that 
there is a certain 'gas phase' character present, result-
ing in the direct formation of free radicals, in reaction 
with organic halides. 
(3) Formation of Free Radicals; 
The reaction of phenyl halides \dth potassium graphite 
produces benzene, and diphenyl, together with a small 
amount of tar. These products are consistent w1 th the 
intermediate formation of phenyl radicals. However the 
yield of·diphenyl is surprisingly high, some 20-30%, and this 
would seem to point to the Bryce-Smith mechanism 
K•Ph +.- PhX KX + Ph-Ph. 
Even so, phenylcyclohexane has been isolated from reactions 
in cyclohexane, and 4,41-dimethyldicyclohexyl, or an 
isomer, has been isolated from reae:tion in methylcyclo-
hexane. These products are almost certainly for.med by 
radical attack on solvent. 
Ph• + C6H"1z 
Ph• + c6Hj_1 • 
Ph• + CH3C6H11 
2CH3c6n-10• 
PhH + c6H11• 
.. Ph-C6Hj_1 
--~ PhH +. CH3C6H10 • 
CH3C5Hlo•C5H10CH3 
High yields of dibenzyl {80%) are obtained from the 
reaction of benzyl chloride with potassium graphite. 
'rhis, too, is consistent with the :f'crmation of free 
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radicals. High yields of dimer would be expected from 
a re.sonance stabilised radical, such as benzyl. 
PhCH2Cl -+ KC8 
2PhCii' • 
'2 
PhCH2 • + KCl 
_ _,., PhCH2CH~h 
2,3-diphenylbutane and 1-phenyl-1-cyclohexylethane were 
isolated from the reaction with ~-chloroethylbenzene • 
• 
PhCH{ CH3 ) Cl + K.c8 ·----+ PhCif( CH3 ) + KCl 
2PhCH{ cmr3 ) -+ PilCH( CH3) • CH( CH3 )Ph 
PhCH{CH3) + c6Hl2 PhCH29H3 + c6H11• 
• C6ff11• + PhCH(CH3 ) PhCH(CH3 )•C6H11 
Ethylbenzene was not isolated, but the small quantity 
formed would probably have distilled in the cyclohexane, 
and its recovery would prove difficult. 
----------------------
12:5 
A good yield of 1,1,2,2-tetraphenylethane ( ~8%) 
was isolated from the re-action with diphenylchloromethane, 
Ph2CHCl + KC8 
2Ph2CH• 
Ph2C"'rl• + KCl 
-----4-. Ph2CH• CHPh2 
and a mixture of ethane and ethylene was obtained from 
the reaction with ethyl bromide. 
Cif5:Br -+ KC8 
2c~5 • 
Cif5 • + KBr 
Ci!6 + C2H4 
Butane, too, is undoubtedly formed, but its separation 
from pentane, the react-ion solvent, was not attempted. 
It is recognised that these profu1cts could also 
have been formed by the mechanism of Bryce-smith. 
However it is suggested that when the highly stabilised, 
aro~atic radicals are involved, it is equally probable 
that free. radicals are directly formed. In the case 
of phenyl and ethyl the Bryce-Smith mechanism seems 
more likely. The possibility also exists of the forma-
tion of the benzyne intermediate, for which there is now 
considerable evidence. 18 •19 
e.g. 2Ph• _ __, 0 + PhH 
or KPh + Ph.X (»t + Phff + KX. 
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(4) Reaction with Benzoyl Chloride 
Reaction of potassiUm graphite with benzoyl chloride 
proved to be rather complicated, a~d a variety of products 
were obtained. The products isolated from the solvent 
extraction proved to be varieties of (PhCO)n• Both 
cis (1~~) and trans !!2benzil, (PhC0)4,were isolated, 
the trans always in greater yield (1-~). A yellow 
polymeric material, analysing approximately to (PhCO)n 
was isolated, and attempts to crystallise this compound 
met with no success. on heating in vacuum, this cam-
pound gave a hard glassy tar. High yields of dark, 
solid, tarry material w~ also isolated. 
Probably the most interesting feature to these 
reactions, are the products obtained on hydrolysis of 
the graphite residues with ethanol. Using KCa appreciable 
quantities of solid tarry material are isolated, but 
when the reaction is repeated using Kc16 (actually a mix-
ture of Kc24 and KC8 ) then benzoic acid (10-20%) is-
obtained in addition to tar. Hitherto only small 
quantities of tar had been obtained on hydrolysis of the 
graphite residues. This was the first product obtained, 
which could be characterised. It seems probable that 
benzoyl groups are bonded to the graphite structure in 
same way, and are removed, as potassium benzoate, on 
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hydrolysis. It is difficult to ttnderstand why benzoic 
acid is produced only when Kc16 is used in the reaction. 
(5) Reaction with orsano-Metal com2ounds. 
Reaction of Kc8 with triphenyltin bromide resulted 
in only milligram quantities of hexaphenylditin being 
isolated in solvent extraction with cyclohexane ~d 
benzene. However after etha.nolic hydrolysis an appreciable 
quantity of hexaphenylditin {43%) was obtained. Here again 
this may suggest that triphenyltin radicals are attached 
to the graphite surface, and only removed on hydrolysis. 
It is also possible that a salt of the type, 
i[Ph3sn·snPh3 ] --mrt"+, is formed. 
Reaction with dipropylboron chloride results in the 
formation of tripropylboron and tarry material. The 
mechanism for this reaction is not known, and it can only 
be suggested that the intermediate formation of te:bra-
propyldiboron is involved. Decomposition then results 
in the formation of tripropylboron. This result is 
essentially the same as obtained from the reaction of 
diphenylboron chloride20.. and potassium, with the exception 
that less: tarry material is formed. 
In conclusion it can be said that the products of 
reaction do not differ from·~ those expected in the normal 
\~rtz type of reaction, in solution, except in those cases 
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where organic groups are attached to the graphite surface 
in some way. The most interesting point emerging is the 
steric effect produced by the graphite layers. It may 
be profitable to investigate the polymerisation of 
olefines, in those cases where organic material has been 
found to adhere to the graphite surface. 
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EXPERiMENTAL 
i. Preparation of Potassium Graphite, Kc8 
The potassium graphite used in most of these expe~i­
ments was prepared from powdered, synthetic graphite (2~· 
g.), and clean potassium (9 g.), according to the method 
of Podall and Foster. 10 
The graphite was placed in a 500 c.c. three necked 
flask, having one of the side necks about 20 em. longer 
than the others, and stirred by means of a tantalum wire~ 
Herschberg stirrer. The graphite was flamed dry in a 
good stream of nitrogen, before heating to a bath tempera-
ture of 300°0, in a wood's metal bath. small pieces 
of potassium,rinsed in cyclohexane, were added down the 
long limb of the flask, over a period of' 30 minutes.,. main-
taining vigorous stirring throughout the addition. 
The product,consisting mainly of KC8 , with a small 
percentage of Kc24 ,. was bron~e-red in col-O'W:'·. 
2. Preparation of Organic Halides: 
(i) Diphenylchlorometh.ane, (c6H5 )2CHC1, was prepared 
according to the method of Ferinacci and Hammett12, by 
passing dry hydrogen chloride through a solution of 
benzohydrol (75 g.) in a benzene/petroleum ether mixture 
{300 c.c.), in the presence of anhydrous calcium chloride 
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Distillation of the organic layer gave diphenylchloro-
methane, (B.pt. 90°C/0.1 mm; bath temperature, 140°c). 
Found, Cl 17.~ 
Cl 17.f5% 
1'3 {ii) o<-Chloroethylbenzene, c6H6CH(cm3 )Cl, was prepared 
by passing dry hydrogen chloride into styrene at roan 
temperature. Distillation gave o< -chloroethylbenzene,, 
(B.pt. 72°/11 mm.). 
Found, Cl 
Calculated for c8H9cl Cl 
24.6% 
26.~ 
(iii) Dipropy'lboron chloride, Pr~Cl, was prepared by 
saturation of tripropylboron with boron trichloride, and 
distilling,from the same flask,in a stream of boron 
trichloride, (B.pt. 124-128°0). 
3. Purification of Solvents 
Cyclohexane and methylcyclohexane,for use in these 
experiments,were dried with sodium wire. 
CYclohe~e and methylcyclohexane,for use in ultra-
violet work,were obtained free from olefines and other 
impurities by the following method. Two litres of solvent 
were stirred vigorously with concentrated sulphuric acid 
(200 c.c.) until the acid was coloured brown. Fresh 
lots of acid were used, unt.il only a faint yellow colouration 
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was observed on prolonged stirring. The solvent was 
separated from acid, washed, dried over anhydrous magne-
sium sulphate, and finally distilled over SQdium. 
4. Reaction of Potassium•Graphite with Organic Halides 
( 1) .Reaction with Benzyl Bromide and Benzyl Chloride 
Benzyl bromide (30 g., 0.176 mole) in methylcyclo~ 
hexane (160 c.c.) was added to potassium graphite, made 
from graphite (26 g., 2 •. 08 mole) and potassium (9 g., 0.23 
mole) as previously described. There appeared to be no 
initial reaction, and the mixture was refluxed for 2.5 
hours under nitrogen. 
The reaction products were transferred under nitrogen, 
by means of polythene tubing, to a soxhlet thimble, placed 
inside a nitrogen purged, soxhlet extraction apparatus. 
The graphite residues were then extracted with hot methyl-
cyclohexane for several hours:. 
The solvent was distilled through a good column (30 em:., 
packed with glass helices), and the residual brownish 
coloured liquid distilled through a 15 em, indented column~ 
under a water pump vacuum. Benzyl bromide (20 g., 6~) 
was recovered, and the dark viscous residue in the distilla-
tion pot slowly crystallised on cooling,to give dibenzyl 
(2. 5 g., 15.6%), which on recrystallis·ing from alcohol 
had·a melting point and mixed melting point of 52.5°0. 
The results of other experiments, carried out in the 
same way, with the same quantity of' potassium graphite, 
· are sumrnari sed below. 
Reflux Recovered Dibenzyl Halide Time Iiallae 
--=--
Benzyl bromide 
(30 g., 0.176 mole) 2.5 hrs 67% 15 •. 6% 
Benzyl bromide 
(30 g., 0.176 mole) 40 40 31 
Ben(~? bromide 
· 5 g., o.088 mole) 44 81. 
Benzyl chloride 
(11 g., 0.087 mole) 64 50 40 
(ii) ~ction with Phenyl Halides 
(a) Bromobenzene (15 g., 0.0955 mole) in methylcyclohexane 
(100 c.c.) was added to potassium graphite (25 g. graphite; 
9 g. potassium), when a slight initial exothermic reaction 
was noticed. After 2 hours ref'luxing it was noticed that 
the bronze-red colour of' KC8 had given way to the blue-
black of KC24• After a total of' 16 I1ours refluxing the 
products were transferred to a soxhlet, and extracted as 
previously described. 
on distillation, no excess. bromobenzene was recovered, 
but diphenyl (2.5 g., 34%) was sublimed from the dark 
tarry residue (3.5 g.). Diphenyl was characterised by 
melting point and mixed melting point, 70-71°C. 
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In a similar experiment a high boiling oil (0.2 g.) 
was distilled from the tarry residue, (after sublimation 
of diphenyl (1.5 g., 20%)), using a microdistillation 
apparatus. An infra-red spectrum, of a redistilled 
sample of this oil, showed a strong resemblance to that 
of 1,2-dicyclohexylethane, but the presence of methyl 
groups was also indicated. This suggests an isomer, e.g. 
4,4'-dimethyldicyclohexyl. 
Found c, 86 •. 6% H, 13 •. ~ 
Calculated for c14H26 C, 86.5% H, 13.~ 
The results of experiments, carried out in a similar way, 
are summarised below. 
Halide Reflux Recovered Diphenyl Otber Time: Ha!_ide ;eroducts 
Bromobenzene 
(0.0955 'mole) 16 hl"s .• 
-% 34% 1 g. tar 
Bromobenzene 
(0.0955 mole) 24 20 o. •.. 9 g .•. ~-~r~ 0.2 g. 
Chlorobenzene 
(0.106 mole) 24 27 0.5 g. tar 
Fluorobenzene 
(0.105 mole) 3 29 0.3 g. tar 
(b) Detection of benzene 
Infra-red spectra of' the methylcyclohexane distillates 
of the reactions in the previous section, indicated the 
presence of benzene. The solvent used, however, was found 
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to be unsatisfactory for obtaining ultra-violet spectra, 
and reactions were therefore carried out in s:olvent,. 
especially purified for ultra-violet absorption work. 
(i) Bramobenzene (15 g., 0.0955 mole) in cyclohexane 
(100 c.c.), was refluxed for 16 hours with potassium graphite 
(25 g. graphite; 9 g. potassium). After extraction 
and distillation, an ultra-violet spectrum, identical with 
that of benzene (American Petroleum Institute, Project 44, 
serial No. 1), was obtained from the distillate. Using 
a value of, c = 230, for the extinction coefficient at 
255 ,lA- (Gillam and Sterne, "Electronic Absorption Spectra"), 
a 40% yield of benzene (2.98 g.) was obtained. 
Also isolated were diphenyl (1 g., l3%), and phenyl-
cyclohexane (approximately 1.5 g., 9%). ¥-he diphenyl 
and phenylcyclohexane were partially separated by distilla-
tion in a microdistillation appa~atus, using a good 
vacuum.. It was found that diphenyl sublimed ont.o the 
cold surface of the cold finger, whereas phenylcyclohexane 
tended to run into the cup attached at the bottom of the 
cold finger. Although pure diphenyl was obtained by 
recrystallisation of the sublimate from alcohol, it was 
found impossible to remove traces of diphenyl from the 
oil. However an infra-red spectrum was found to be 
identic.al w1 th that of phenylcyclohexane-, except for slight 
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shifts in the third order, due, presumably, to the 
diphp~yl impurity. 
(ii) The following results were obtained in a 
similar experiment with iodobenzene (20 g., 0.098 mole), 
on refluxing with potassium graphite (25 g. graphite; 
9 g. potassium) for 6 hours. 
Compounds isolated:-
1. Bromo benzene 0 g. 0% Yield 
2 •. Benzene 0.2 g. 2.6% 
3. Diphenyl 1.0 g. 13 •. 6% 
4. Tarry material 0.1 g. 
5. 4,4'-dirnethyldicyclohexyl 2.2 g •. 
(iii) Reaction with Benzoyl Chloride 
(a) Benzoyl chloride (14 g., 0.1 mole) ~n methylcyclohexane 
(80 c.c.) was added to potassium graphite (25 g. graphite, 
9 g. potassium), under nitrogen. Af'ter a sl:t.ght initial 
exothermic reaction was detected, the mixture was refluxed 
for 115 hours, and extracted as before. 
Distillation of the s.olvent produced a sticky tarry 
residue (7 g.; 100% yield PhCO• = 10.5 g.). Extraction 
of this material with alcohol produced a yellow amorphous 
solid (1.5 g.), which could not be crystallised, but was 
precipitated from ethanol solution by slow evaporation 
of the ethanol. After chromatographing (alumina column) 
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it was found to darken at 163°C, melting to a red sticky 
liquid at 172-176°c. 
Found c, . 81.~ 
(PhCO)n requires c, 80 % 
H, 5.1% 
H-, 4.8% 
After precipitation of the yellow material from the ethanol 
solution, ethyl benzoate (1 g.) was isolated from solUtion 
by distillation in a microdistillation apparatus. The 
ester was characterised by hydrolysis. 
After extraction with ethanol the residual tarry 
material was subjected to sublimation in a good vacuum, 
when benzoic acid (1.3 g., m.pt. and mixed m.pt., 121-122:0 c) 
was obtained. 
The remaining tarry material was subjected to chromato-
graphy in benzenejhexane solution (appr.oximately 1/1), 
using a 50 em. column, 1.5 em. in diameter, packed with 
activated alumina. Att~r the first 100 c.c. solvent had 
been collected, two fractions, each of 50 c.c., were 
obtained. 
The first of these fractions produced long needle 
crystals (0.3 g.), which, after recrystallisation from 
benzene/hexane solution, had a melting point of 186-187°c. 
Found c, 80.~ H, 4.8% 
(PhCO)n requires c, 80.0% H, 4.8% 
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This is consistent with trans-isobenzil (m.pt., 185-187°C; 
Staudinger and Binkert, Hev. £, 709). The in,ttra-red 
spectrum or this compound was almost identical with that 
of cis-isobenzil, with certain marked intensity differences, 
of the type exp~cted in the spectra of two sterio-is:omers. 
The second or the two fractions yielded more needle 
crystals of trans-isobenzil (0.2 g.), together vdth a 
small quantity (0.15 g.) of smaller, more closely packed, 
crystal conglomerates. The two crystal forms were 
separated mechanically, and each rec.-rystallised· from 
benzene/hexane s·olution. The smaller crystals proved to be 
cis-isobenzil (m.pt. and mixed m.pt., 157-158°0; infra-red 
identification). 
Finally,on eluting the column with chlorororm,a 
quantity (2.5 g.) of tarry material was isolated. 
Recovery:- Weight % Yield 
1. Trans- i sobenzil 0.5 g .. 4.8 
2. Cis-isobenzil 0.15g. 1.4 
3. Benzoic acid 1.3 g. 10.7 
4. Ethyl benzoate 1.0 g. 6.6 
5. Yellow amorphous material 1.5 g. 
6. Tar 2.5 g. 
(b) The above reaction was repeated with benzoyl chlori.de 
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(14 g., 0.1 mole) in cyclohexane (60 c.c.). DUring the 
extraction and 'working up' processes, alcohol and 
water were rigorously excluded. 
on allowing the cyclohexane extract to cool, a yellow 
sold (0.7 g.) was precipitated from solution. This solid 
had no definite melting point, but softened between 97° 
to 120°c, to a dark brown, viscous liquid. sublimation 
did not occur at 200°C/0.01 rnm, but on cooling, the dark 
brown melt set to a hard, glassy tar. The infr~-red 
spectrum of the yellow solid was found to be similar to that 
of isobenzil. 
After evaporation of cyclohexane, the products were 
subjected to the same chromatographic technique as was 
previously used. The results are summarised below. 
Fraction Product Amount ~ Yield 
1 and 2 Trans-isobenzil 0.1 g. 1% 
3 Benzoyl Chloride 2.0 14 
5 Yellow solid 0.5 
Elution wi.th chloro:f'o:n:n 
6 tarry material 3.0 
The graphite residues were then hydrolysed with ethanol. 
The ethanol extract was acidified, extracted with water and 
ether, and the dried ether extract yielded a dark brown, 
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solid tar (1.0 g.), which could not be sublimed. However 
milligram quantities of benzoic acid were sublimed from 
the tar. 
(c) A similar experiment was carried out with benzoyl 
chloride (7 g., 0.05 mole) in cyclohexane (75 c.c.), and 
potassium graphite, Kc16 , (4.5 g. potassium; 25 g. 
graphite). 
After 11 days refluxing, the following products were 
isolated from the solvent extraction:-
(i) 
(ii) 
Tarry material 
Trans-isobenzil 
(1 g.) 
(m.gm. quantities) 
After ethanolic hydrolysis of the graphite residues., 
the following products were isolated by ether extraction:-
(i) 
(ii) 
Solid tar 
Benz~c acid 
(1 g.) 
(1.1 g., 1~ yield) 
(d) The above experiment was repeated, taking rigorous 
precautions to exclude moisture and oxygen, and with a 
slightly larger volume of cyclohexane (100 c.c.). The 
f'ollowi·ng products were isolated from the solvent extract:-
(i) 
(ii) 
Trans-isobenzil 
---
(0.2 g., 3.8%) 
(0.1 g., 1.~·) 
II 
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(iii) Yellow s alid rna terial (0.3 g.) 
(iv) Tarry products (1.7 g.) 
and after ethanolic hydrolysis:-
(i) Benzoic acid (0.8 g., 13%) 
(ii) Solid tar (2.0 g.). 
(IV) Reaction with Orsano-Metallic Halides 
(a) Reaction with Dipropylbo~on Chloride 
Dipropylboron chloride (10 g., 0.0755 mole) in cyclo-
hexane (150 c.c.) was refluxed for 65 hours with 
potassimn graphite, Kc16 , (15 g. gr·aphite, 3 g. potassium), 
and the graphite residues extracted, as before, under 
nitrogen. Distillation of the cyclohexane extract 
yielded two clear fractions (B.pt. 50°0/0.1 mm.). 
The second of these fractions {4 g.) had an infra-
red spectrum identical with that of tripropylboron. 
Furthermore the crystalline oxidation product had an 
infra-red spectrmn identical with that obtained by the 
atmospheric oxidation of tripropylboron. 
The first fraction (approximately 5 g.) proved to be 
a mixture of cyclohexane and tripropylboron (infra-red 
evidence). 
A small amount (0.5 g.) of t 8 rry material was 
obtained, as a residue, after distillation of the 
tripropylboron and cyclohexane. 
(b) Reaction with ~~iphenlltin Bromide 
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Triphenyltin bromide {10 g., 0.0233 mole) in cycle-
hexane {200 c.c.) was refluxed for 69 hours with potassium 
graphite {15 g. graphite, 5.5 g. potassium) under 
nitrogen. After extraction, under nitrogen, ~irst with 
ether, and then w1 th benzene, only milligram quanti ties. 
of same solid were obtained. 
The graphite was hydrolysed with alcohol and 
filtered. Addition of water to the alcohol extract 
produce a small quantity of whi t.e solid ( o. 2 g.), which had 
an infra-red spectrum similar to that of diphenyltin oxide. 
The substance was,in part,arganic, contained tin, and did 
not melt below 360oc. 
The alcohol/water solution was acidified and 
extracted, first with ether, and then with chloroform. 
The ether extract yielded hexaphenylditin (o.a ~.),·and 
the chloroform extract yielded a small quantity of tarry 
material {0.05 g.), together w:i, th a further quantity of 
hexaphenylditin {2 g.). Extraction of the hydrolysed, 
graphite residues afforded yet a further quantity of 
hexaphenylditin (1.5 g.), which was characterised by a 
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melting point and mixed melting point (231.5-232.5°0). 
Total yield hexaphenylditin = 4.3 g. (53%). 
(V) Reaction with Other organic Halides 
(a) Reaction with o(-Chloroethylbenzene, c6H5CH(CH3 )cl 
~-Chloroethylbenzene (15 g., 0.107 mole) in cycle-
hexane (150 c.c.) was refluxed for 96 hours with 
potassium graphite (25 g. graphite, 9 g. potassium) 
under nitrogen. The cyclohexane extract was distilled, 
when a thick,viscous liquid (15 g.) was obtained. on 
pumping this liquid the remaining cyclohexane was removed, 
and an extremely viscous, pale yellow materi.al (11 g.) was 
obtained. 
It was attempted to distil this material, in a 
larger version of the microdistillation apparatus 
(cold finger type), in a good vacuum. It was found that 
a certain amount of crystalline material for.med on the 
cold surfaces, whilst a small quantity of liquid 
collected in the cup. The crystalline material (0.4 g., 
3 .• ~) was recrystalli sed :t'rom ethanol, when the melting 
point, 125-127°c, corresponded to 2,3-diphenylbutane (quoted 
126°C, Beilstein, 2• 617). 
Found C, 91.3%; H, a.EJ%. 
c, 91.3%; H, 8.7%. 
The liquid (0.2 g.) was redistilled and found to have 
an infra-red spectrum identical to that of 1-phenyl-1-
cyclohexylethane (American Petroleum Institute, Project 
44, Nos. 517, 527, 1919). 
... , 
.l4-
The glass~like, solid residue of the vacuum distil~ 
tion (9 g., 81~) was found to be polystyrene (infra-red 
identification). 
(b) Reaction with Triphenylchloromethane 
Triphenylchloromethane (27.88 g., 0.1 mole) in 
cyclohexane (200 c.c.) was refluxed for 13 days with 
potassium graphite (2·5 g. graphite; 9 g •. potassium), 
under nitrogen. On allowing the golden-yellow, cycl~ 
hexane extract to cool, a yellow sOlid (1.5 g.) was pre-
cipitated from solution (m.pt. 138-142°C). on distilla-
tion of the extract to half volume, a further quantity 
(1.5 g.) of the same yellow: solid was precipitated. 
This yellow compound could not be crystallised, but 
a deep yellow powder (rn.pt. 244-255°c·) was precipi t"ated 
from benzene soJ.ution by addition of petroleum ether. 
on precipitation from carbon tetrachloride solution a 
melting point of 155-180°0 was obtained. 
The remaining cyclohexane extract was subject-ed to 
chromatography on an alumina column. The column was 
eluted with benzene, and a number of fractions (50 c.c.) 
taken. 
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Fraction 1, yielded a white solid (7.7 g.), which 
on repeated crystallisation ~ram benzene gave triphenyl-
methane ( 3 g., 13%;; m.pt. and mixed m.pt., 92-93°0). 
Fractions 2 and 3 yielded a cream-white s:olid ( 5 g.) 1 
which after recrystallisation ~rom hexane, and then ~rom 
carbon tetrachloride, gave triphenylcarbinol (2 g., ~;. 
m.pt. ;··and mixed m.pt., 160-162°0). A small quantity 
(0.2 g.) of triphenylmethane was also obtained. 
FUrther ~ractions yielded a yellow, amorphous powder 
(3 g.),and a red-brown, phenolic smelling tar (5 g.). The 
yellow compound could not be crystallised, and repeate~ 
precipitation caused the softening point to be raised from. 
approximately 110°0 to the 200°C region. It was found 
that this compound liberates iodine from acidified 
potas~ium iodide solution, and dissolves in concentrated 
sulphuric acid to form a deep red solution. 
these properti~s are indicative of a peroxi.de. 
10~ yield of Ph3c· 
Total recovery of 
material 
= 24.3 g. 
= 23.7 g. 
Both of 
(c) Reaction of Diphenylchloromethane 
Diphenylchloramethane (20.3 g., 0.1 mole) in cyclo-
hexane (150 c.c.) was refluxed with potassium graphite 
(25 g. graphite; 9 g. potass,ium), Under nitrogen, for 
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10 days. on allowing the cyclohexane extract to cool, 
long needle crystals (5.1 g.) were obtained. After 
recrystallisatiOn from chloroform these crystals had a 
melting point of 216-216°0 (corr.), corresponding to 
1,1,2,~tetraphenylethane. This was verified by a mixed 
melting point with an authentic specimen. 
After filtration of the crystals, the cyclohexane 
extract was distilled, when a sticky, semi-solid residue 
(9 g.) was obtained. This material was subjected to 
chromatography, in benzene solution, using an alumina 
column. Three fractions (50 c.c.) were taken befo~e 
eluting the column with chloroform •. 
Fraction 1 consisted of benzene only, but the second 
and third fractions yielded a sticky tar (7 g.). This 
tarry material was distilled under a good vacuum, when 
a certain quantity of liquid was obtained, leaving a 
tarry residue (3 g.). The liquid was redistilled in a 
microdistillation apparatus, and three fractions were 
taken. 
(i) upto 130°0/0.1 mm. 
(ii) 130-146°0/0.1 rnm. 
(iii) 145-180°0/0.1 mm. 
The infra-red spectra of all these fractions were very 
similar, and were consistent with a mixture of ttnreacted 
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diphenylchloromethane and diphenylmethane. 
Elution of the column with chloroform gave d-iphenyl-
carbinol (1.5 g., ~; m.pt. and mixed m.pt., 67-68°0). 
The graphite residues were hydrolysed with ethanol, 
and extracted with chloroform. This procedure gave a 
turther qllantity (3 g.) of 1,1,2,2-tetraphenylethane. 
The total yield of tetraphenylethane was 8.1 g., i.e. 
(d) Reaction with ~byl Bromide 
Ethyl bromide (10.9 g., 0.1 mole), ~n pentane (200 
c.c.), .was refluxed with potassium graphite for 4 hours, 
under nitrogen. A carbon dioxide/acetone condenser 
was used, in addition to a water condenser, to prevent 
pentane pass-ing over in the nitrogen stream. The gaseous 
products were passed through a cold trap (-78°C) '· and 
condensed in liquid air. The contents of the liquid air 
trap were transferred to a vacuwn apparatus and fractionated, 
as described in Part I of this thes.is (page: Sl ). 
The gaseous material analysed to c2•07H5•8 , on 
combustion with excess oxygen. The infra-red·spectrum 
was consistent with a mixture of ethane and ethylene. 
The fine structure of the spectrum of ethylene was particu-
larly observed. 
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(VI) Reactivity of Halides towards Potassium Graphite 
(a) The following experimental procedure was adopted for 
chlorobenzene, benzyl chloride, ~-chloroethylbenzene, 
diphenylchloromethane, and triphenylchloromethane, and 
the results obtained are summarised below. 
The halide (0.1067 mole) was dissolved in methyl-
cyclohexane (200 c.c.), and a 2 c.c. sample was taken. 
The remaining solution was added to potassium graphite 
(25 g. graphite; 9 g. potass.ium) and quickly brought to 
reflux temperature • After refluxing for 30 minutes, 
stirring was stopped for 2 minutes, and a 2 c.c. sample 
was taken from the clear, supernatant liquid. FUrther 
samples were- taken as reaction proceeded at reflux tem-
perature. 
In· order that conditions were as standard as possible, 
the same pipette (2 c.c.) was used throughout these 
experiments. Liltewise the same settings on the thermostatic 
heating controls were used. 
The samples were presented for organic halide analysis, 
the first sample giving the initial concentration of the 
halide. : l:gnoring the amount of solvent removed, the 
quanti~y of halide reacted was calculated. 
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~- 1! Reactec:)_ 
PhCl PhCH2Cl PhCH( CH3 )Cl Ph2CHCl Ph3CCl 
--
0.5 hr 669' 16% 11~ 1~ 2-
1.75 86 20 17 51 
17.5 100 36 25 35 
22.5 38 33 55 
25 39 
41.5 55 59 45 72 
64 76 82 54 81 
89 96 
92 58 
114 100 62 
The analyses in the case of triphenylchlorom~thane could 
not be carried out in the usual way, due to it's 
insolubility in isopropyl eth~r, the solvent used in tb~ 
halogen analysis tecl1nique. In this cas·e the samples 
were hydrolysed with aqueous acetone (50%), over a period 
of several hours. The aqueous extracts were made up to 
100 c.c. of solution, and 10 c.c. aliquots were titrat$d 
with standard sodium hydroxide solution. 
(11) Similar experiments were carried out with the phenyl 
halides (0.1067 mole) in cyclohexane (200 c.c.) and 
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potassimn graphite (25 g. graphite; 9 g. potaseitun). 
The results are shown below. 
Time ~ Reacted 
Phi ~ PhCl PhF 
0 mins 
20 13 39 55 4,9 
50 22 66 82 76 
90 23 90 88 93 
120 37 95 98 97 
180 54 100 100 100 
5. Reaction of or~anic Halides with Pot~~~;~~ 
Potassium (7.8 g., 0.2 mole) was heated to melting 
under methylcyclohexane (100 c.c.) in a 250 c.c., three 
necked flask, purged \nth nitrogen, and fitted with a 
Herschberg stirrer (tantalum wire). The source of heat 
was removed and vigorous stirring applied until the 
potassium was broken into a fine shot form. Stirring was· 
continued until the first signs of coagulation of the 
shot, when stirring was promptly stopped. 
was maintained at 25°C in a thermostat. 
The flask 
The halide (0.05 mole) in methylcyclohexane (10 c.c.) 
was added quickly from a d~opping funnel, and washed 
through with a further quantity (10 c.c.) o;f' solvent. 
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After stirring for one minute, the potassium was allowed 
to settle. A 2 c.c. sample was removed fro~ the clear, 
supernatant liquid and filtered under nitrogen, the 
filter disc being washed with solvent (10 c.c.). 
Other sampl~s were tp,ken as reaction proceeded, and 
presented for analysis. 
summarised below. 
Time 
Phi PhBr 
2 min 0% 0% 
110 5 4 
4 •. 25 hr 6 20 
7.2'5 30 
19.25 21f. 65 
The results obtained are 
% Reacted 
PhCl PhF PhCH2C1 
0% 0% 0% 
29 49 25 
57 64 78 
80 78 94 
91 96 97 
A calculation on the titration figures for chlorobenzene, 
establ.ishes the fact that only 0 •. 001 mole react in the 
first 2 minutes. 
At 0°C these reactions proceed extremely slowly. 
Bromobenzene and iodobenzene do not react appreciably in 
24 hours, whilst only 20% chlorobenzene reacts. 
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